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Preface

In recent years, China’s in vitro diagnostic (IVD) industry has developed rapidly
and has grown into a considerable industrial cluster. At present, China’s IVD indus-
try has a complete range of categories, numerous R&D and production enterprises,
a comprehensive distribution of distribution enterprises, an increasingly perfect
upstream, middle and downstream industrial chain, and constantly improved prod-
uct quality, making it the fastest growing medical device segment.

At present, in vitro diagnostic products and technologies in China are developing
towards integration, informatization, high-throughput, speediness, portability, and
intelligence. The continuous emergence, updating, and iteration of some new tech-
nologies and new products such as mass spectrometry detection technology and
gene editing technology make the development prospect of in vitro diagnostic
industry very broad.

This book is the second edition of In Vitro Diagnostic Industry in China. The
book is divided into 12 parts and 38 chapters, which comprehensively and system-
atically introduce the achievements and the latest development trends of the innova-
tion and development of China’s IVD industry in recent years. The contents include
the 2021 China IVD industry report, the academic, technological development,
market situation and research and development of related products in various subdi-
visions such as immunodiagnosis, clinical chemical diagnosis, molecular diagnosis,
blood and humoral diagnosis, microbial diagnosis, instant detection, mass spec-
trometry analysis, pathological diagnosis, etc., the development report of China’s
IVD reagent raw materials, the development, investment and financing, acquisition
and merger of China’s IVD listed enterprises, etc. The updated contents of this book
are China’s IVD industry report, immunodiagnosis, clinical chemical diagnosis,
molecular diagnosis, blood and humoral diagnosis, microbial diagnosis, real-time
detection, China’s IVD listed enterprise development, investment and financing,
mergers and acquisitions, etc. New contents added include the development and
application of molecular diagnostic products of COVID-19, flight mass spectrom-
etry, tandem mass spectrometry, tumor markers, ELISA immune reagents, autoim-
mune diagnosis, concomitant diagnosis, fecal and intestinal microecology detection,
pathological diagnosis, in vitro diagnostic reagent raw materials, in vitro diagnostic
reagent reference materials and quality control materials, which make the book
more innovative and richer. This book is characterized by a more comprehensive
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and systematic reflection of the new trends and new progress in the development of
China’s IVD industry, highlighting the hot technologies and innovative products in
the industry, such as the novel coronavirus molecular diagnostic technology, instru-
ments and reagents, COVID-19 nucleic acid emergency detection laboratory (gas
membrane laboratory, shelter laboratory, mobile detection vehicle), and mass spec-
trometry detection technology.

This book was jointly written by well-known entrepreneurs, experts, professors,
and elites in China’s IVD industry, organized by the Medical Laboratory Science
Industry Branch of the National Health Industry Enterprise Management
Association, the Experimental Medicine Branch of the National Health Industry
Enterprise Management Association, the IVD Branch of the China Medical Device
Industry Association, and the Blue Book Editorial Department of China’s IVD
Industry Development. The editing and publishing of the second edition of China’s
IVD Industry will enable the world to have a more comprehensive and in-depth
understanding of China’s IVD products and technologies, promote international
exchanges in the IVD industry, grasp new developments in the industry, constantly
improve the level of prevention, diagnosis, and treatment of clinical diseases, and
serve the health of all mankind.

Shanghai, China Haibo Song

Hunan, China Lizhong Dai
November 22, 2022

Declaration Lizhong Dai is an employee of Sansure Biotech Inc.
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Status and Progress 1

Haibo Song, Yaoyi Zhu, Linda Zhang, Qi Chen,
and Wenting Xiao

In 2021, China’s in vitro diagnostics (IVD) industry had significant progress
and development in all aspects. China Association of In Vitro Diagnostics and
In Vitro Diagnostics Society of China Association for Medical Devices Industry
jointly prepared the 2021 China In Vitro Diagnostics Industry
Development Report.

1.1 IVD Market in China

1.1.1 Market Size of Domestic Enterprises and the Statistics
of Listed Companies and Enterprises Listed
on the National Equities Exchange and Quotations (NEEQ)

By summarizing domestic and foreign information about China’s IVD market,
based on the ex-factory price of manufacturers and the first-hand wholesale price of
foreign-funded enterprises, and excluding the data of nonindustrial scope, it is

H. Song
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Y. Zhu
IVD Branch of China Association of Medical Devices Industry, Beijing, China
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estimated that the size of China’s IVD market will exceed RMB 130 billion in 2021
with a growth rate of about 15%. The proportion of imported products is higher
than 50%.

Moreover, the data of 87 listed diagnostics companies and companies listed
on the NEEQ in the first half of 2021 and the data of 94 listed diagnostics com-
panies and companies listed on the NEEQ in the whole year of 2021 are sum-
marized as follows:

In the first half of 2021, the total revenue of 87 listed companies was 74.65 bil-
lion CNY with a year-on-year growth of 54.79%; the attributable net profit was
17.92 billion CNY with a year-on-year growth of 82.06%.

In 2021, the total revenue of 94 listed companies was 163.486 billion CNY with
a year-on-year growth of 33.72%; the attributable net profit was 35.52 billion CNY
with a year-on-year growth of 39.42%.

See Tables 1.1, 1.2, 1.3, and 1.4 for data.

Tables 1.5, 1.6, 1.7, and 1.8 show the market value changes of A-share listed
companies in recent 3 years, the list of newly listed companies, IPO queuing com-
panies and delisted companies in 2021.
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Table 1.6 Newly listed enterprises in diagnostics industry in 2021

Sector name Code Company name Listing date
GEM 300942 Bioeasy Biotechnology 2021/2/9
GEM 301047 Sino Biological 2021/8/16
GEM 301060 Labway Clinical Laboratory 2021/9/13
GEM 301080 Acrobiosystems 2021/10/18
GEM 301166 Univ Bio 2021/12/28
Science and Technology 688656 HOB 2021/1/13
Innovation Board

Science and Technology 688371 Liferiver Biotech 2021/1/18
Innovation Board

Science and Technology 688606 Alltest Biotech 2021/3/25
Innovation Board

Science and Technology 688468 Chemclin Diagnostics 2021/4/9
Innovation Board

Science and Technology 688315 Novogene 2021/4/13
Innovation Board

Science and Technology 688217 Righton Gene 2021/5/17
Innovation Board

Science and Technology 688575 YHLO Biotech 2021/5/17
Innovation Board

Science and Technology 688067 AVE Science & Technology 2021/6/16
Innovation Board

Science and Technology 688690 NanoMicro Technology 2021/6/23
Innovation Board

Science and Technology 688767 Biotest Biotech 2021/9/8
Innovation Board

Science and Technology 688622 Hexin Instrument 2021/9/13
Innovation Board

Science and Technology 688105 Vazyme 2021/11/16
Innovation Board

Science and Technology 688075 Assure Tech 2021/11/18

Innovation Board
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Table 1.7 IPO Queuing Companies in Diagnostics Industry in 2021

Filing enterprise

‘ Sponsor

‘ Audit status

Main board of Shanghai Stock Exchange

Cowealth Medical ‘ Haitong Securities ‘ Approved

GEM

Orienter Sinolink Securities Inquired

InTec CITIC Securities Inquired

Fapon Biotech Huatai Securities Inquired

VivaChek CITIC Securities Inquired

Zeesan Biotech CITIC Securities Accepted

Quaero Life CITIC Securities Accepted

Science and Technology Innovation Board

MGI CITIC Securities Submit registration
Rendu Biotechnology Sinolink Securities Submit registration
Innovita CITIC Securities Inquired

Hong Kong Stock Exchange

Adicon Morgan Stanley Submitted

Bioer Technology CICC Submitted

Table 1.8 Delisted enterprises in the IVD industry in 2021

835236 Icubio 2016/1/6

' NEEQ

‘ Compulsory withdrawal

1.1.2

Enterprises in 2021 (Table 1.9)

Investment and Financing Events of Domestic IVD
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1.2  Industry Development Questionnaire

The Medical Laboratory Society of the National Association of Health Industry and
Enterprise Management cooperates with the In Vitro Diagnostics Society of the
China Association for Medical Devices Industry to conduct a questionnaire, and
invited the IVD Special Committee of the Shanghai Medical Instrument Trade
Association, as well as the In Vitro Diagnostics and Precision Medical Investment
and Industry Alliance, to hand out a questionnaire to the members of the industry
associations. More than 400 valid questionnaires were connected in this industry
development survey. The survey results are summarized and analyzed as follows:

1.2.1 The Growth in 2021 According to the Feedback
from the Enterprises Is as Follows (Fig. 1.1)

Fig. 1.1 Review of the The growth in 2021
growth in 2021 according . Dediine
to the feedback from the Uncertain v
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1.2.2 The Estimated Growth in 2022 According to the Feedback

from the Enterprises Is as Follows (Fig. 1.2)

To sum up:

(a)

(b)

()

(d)

Based on the above enterprise feedback and relevant data summary, it is deter-
mined that the industry growth rate was more than 15% in 2021 and was
expected to be more than 10% in 2022.

In terms of growth percentage: The review shows that the industry growth rate
in 2021 was concentrated at 10-20%, accounting for 44%; the growth rate was
mostly concentrated at 10-15%, accounting for 26%. It is predicted that the
industry growth rate in 2022 will also be concentrated at 10-20%, accounting for
51%; the growth rate will also be concentrated at 10—15%, accounting for 30%.
Compared with the survey data of the previous year: In terms of growth
percentage, it is believed that the industry growth rate in 2021 was concentrated
at 10-20%, accounting for 44%. This result is about 7% less than the predicted
value of 51% in the industry report of the previous year for the growth rate in
2021 being concentrated at 10-20%.

The number of foreign investors participating in the questionnaire was slightly
less than that in 2020 but higher than that in 2019: The results showed that,
compared with the prediction in 2020, about 66% of the foreign-funded enter-
prises predicted that the industry growth rate would be concentrated at 10-20%,
which was significantly higher than the predicted value of 44% in the general
questionnaire for the concentrated industry growth rate. Compared with the
previous survey data, the understanding and judgment of foreign investors on
the Chinese market are getting closer to those of domestic companies.

Fig. 1.2 Estimate of the The estimated growth in 2022
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to the feedback from the Uncertain - pegline

enterprises

2%

20%
2% >
16%

s

5%<A<10

%
23% _\

0< A<5%
6%

\ ‘/—
\ 10%<A<15%

15%<A<20%
waazzon ./ 30%

21%



1 Status and Progress 37

(e) Itis noteworthy that: In terms of growth percentage, the proportion of 44% of
the considered industry growth rate being concentrated at 10-20% in 2021 was
1% less than that in 2020, which was the lowest in 6 years, but the proportion
of growth rate > 20% reached 25%, which was the first time that the result in
questionnaire was more than 20% in 7 years (the greatest value in previous
years was 16% in 2015), indicating that the differentiation of enterprise devel-
opment in the industry is increasing.

1.3  Review of Market Segment Development in 2021

According to the survey, in the range of 15-25% of the forecast of market segment
development in 2021, the top three were Molecular Diagnostics, POCT and
Immunoassay (this is consistent with the top three with the most development
potential in the future, but the rankings were slightly different, in which POCT
ranked before Immunoassay); followed by Microorganism, Blood and Pathology;
Biochemistry also came last, which had been ranking last for three consecutive
years (Fig. 1.3).

REVIEW OF MARKET SEGMENT
DEVELOPMENT IN 2021 (BIOCHEMISTRY)

Decline

>25% 7%
20%<A<25% 3%
5%

0< A<5%
34%

10%<A<15%
17%

5%<A<10%
29%

Fig. 1.3 Review of market segment development in 2021
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Fig. 1.3 (continued) REVIEW OF MARKET SEGMENT
DEVELOPMENT IN 2021 (IMMUNOASSAY)
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Fig. 1.3 (continued) REVIEW OF MARKET SEGMENT DEVELOPMENT
IN 2021 (MOLECULAR DIAGNOSTICS)
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Fig. 1.3 (continued) REVIEW OF MARKET SEGMENT
DEVELOPMENT IN 2021 (POCT)
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1.4  Forecast of Market Segment Development in 2022
(Fig. 1.4)

FORECAST OF MARKET SEGMENT
DEVELOPMENT IN 2022(IMMUNOASSAY)
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Fig. 1.4 Forecast of market segment development in 2022
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Fig. 1.4 (continued) FORECAST OF MARKET SEGMENT DEVELOPMENT
IN 2022(BLOOD AND BODY FLUID)
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Fig. 1.4 (continued) FORECAST OF MARKET SEGMENT
DEVELOPMENT IN 2022(MICROORGANISM)
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Fig. 1.4 (continued)

FORECAST OF MARKET SEGMENT
DEVELOPMENT IN 2022(PATHOLOGY)
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1.5 The Product Line with the Most Potential Development
in the IVD Industry in the Next 3-5 Years According
to the Feedback from the Enterprises Are as Follows

(Fig. 1.5)

According to the comprehensive weighted order, the rankings were Molecular
Diagnostics, Immunoassay, POCT, Blood and Body Fluid, Biochemistry,
Microorganism, and Pathology, which were consistent with the survey results in
2020. The questionnaire also showed that the proportion of considering Molecular
Diagnostics as the product line with the most development potential was 48%,
which was less than 1% higher than the survey result in 2020, basically equal.
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The product line with the most potential development in the IVD industry in the
next 3-5 years according to the feedback from the enterprises

Pathology
Microorganism
Biochemistry

Blood and Body Fluid
POCT

Immunoassay

Molecular Diagnostics

0 500 1000 1500 2000 2500

Fig. 1.5 The product line with the most potential development in the IVD industry in the next
3-5 years according to the feedback from the enterprises

1.6  The Factors Related to Industry Growth According
to the Feedback from the Enterprises Are as Follows
(Fig. 1.6)

According to the comprehensive weighted order, the rankings were “Overall
Development of the Medical Industry, Clinical Needs, Technology and Product
Innovation, Policy Support, and Promotion of Medical Reform”. Compared with
the survey results in 2020, the “Strengthening of Government Input” moved down
to the seventh place, and the “Improvement of Living Standards” moved up to the
sixth place. However, in the past 3 years, all factors had maintained the characteris-
tics of rigid demand.
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The factors related to industry growth according to the feedback from the
enterprises

Others

Strengthening of Government Input
Improvement of Living Standards
Promotion of Medical Reform
Policy Support

Technology and Product Innovation

Clinical Needs

Overall Development of the Medical Industry

0 500 1000 1500 2000 2500 3000

Fig. 1.6 The factors related to industry growth according to the feedback from the enterprises

1.7  Analysis of Difficulties Encountered in Industry
Development (Fig. 1.7)

According to the comprehensive weighted order, the rankings were Product R&D,
Product Registration, Medical Insurance Fees, Marketing, Talent Shortage, Capital
and Financing. Compared with the 2020 survey results, “Marketing” and “Capital
and Financing” swapped and the former ranked fourth, and it was the first time in
the past 3 years that “Marketing” was second only to “Medical Insurance Fees”.
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Analysis of difficulties encountered in industry development
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Fig. 1.7 Analysis of difficulties encountered in industry development

2500

1.8  The Support That the Company Considers Most
Urgently Needed (Fig. 1.8)

According to the comprehensive weighted order, the rankings were Medical
Insurance Fees, Funds, Procurement Bidding, Optimization of Product Registration
Process, Investment and Financing, Tax Policy, Government Project Funding, etc.
Since this option was first added to the questionnaire in 2017, “Optimizing the
Product Registration Process™ has always been the first choice of support item, but
it dropped to the fourth in this survey, “Medical Insurance Fees” moved up to the
first, “Funds” moved up to the second from the fourth in 2020, and “Procurement

Bidding” remained the third.
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The support that the company considers most urgently needed
Others

Government Project Funding
Tax Policy

Investment and Financing

Optimization of Product Registration Process
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Medical Insurance Fees

0 500 1000 1500 2000 2500

Fig. 1.8 The support that the company considers most urgently needed

1.9  Product Registration

According to the “Announcement on Approving the Registration of Medical Device
Products” published by the NMPA (National Medical Products Administration)
every month, the approval data are from the products registered for the first time,
and the statistical data show that.

1.9.1 Registration of Domestic Products

By December 2021, the NMPA had approved 1710 medical device products (includ-
ing IVD products) in 2021, an increase of 9% compared with 2020 [1]. Among
them, there were 237 domestic Class III IVD products (including reagents and
related testing instruments), accounting for about 14% of the total number of regis-
tered products. The distribution of registered products includes Beijing (34), Jiangsu
(39), Guangdong (60), Shanghai (18), Zhejiang (15), Shandong (15), Jilin (3),
Henan (10), Tianjin (9), Sichuan (10), Hubei (2), Chongqing (3), Fujian (14), Hunan
(3), Anhui (1), Shaanxi (1).

1.9.2 Registration of Imported Products

By December 2021, the NMPA had approved the registration of 335 domestic Class
IIT and imported IVD products, including 237 domestic Class III IVD products,
accounting for 71% of IVD products; 98 imported IVD products, accounting for
29% of IVD products.

There is no exact data of the registration of domestic Class II and Filed Class I
products approved by each provincial or municipal administration (Table 1.10).
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Table 1.10 Data analysis of approved registration of medical device products (medical devices
registered for the first time) issued by NMPA

Project content 2018 2019 2020 | 2021 | Year on year
Medical device products approved by 1193 | 1726 | 1572 | 1710 |9%
registration

IVD products 307 524 448 335 | -25%
Domestic Class III diagnostic products 172|352 326 237 | -27%
Imported diagnostic products 135 172 122 198 —20%

(Unit: item)
It is noteworthy that:

1. The number of medical device products approved for registration in 2021
increased by 9% over 2020, which was close to the number approved for regis-
tration in 2019.

2. In 2021, the proportion of IVD products in all approved registration of medical
device products decreased by 25% over 2020, indicating that in the second year
of the COVID-19 outbreak, the registration of detecting products other than
COVID-19-related products may still be affected.

3. In 2021, the NMPA approved 14 COVID-19-detecting reagents, including 9
nucleic acid-detecting reagents and 5 antibody-detecting reagents. At present, a
total of 68 COVID-19-detecting reagents (including 34 nucleic acid testing
reagents, 31 antibody-detecting reagents and 3 antigen-detecting reagents) have
been approved in China.

1.10 Changes in Upstream, Midstream and Downstream
of the Industry

Based on the summary of IVD-related industry analysis reports collected in 2021,
we analyzed the upstream, midstream and downstream situations of the industry.

1.10.1 Upstream

The upstream scale of IVD was about 24 billion CNY with a growth rate of
about 20%. The market share of imported brands was about 80%.

IVD raw materials include bioactive/nonbioactive materials used for preparing
IVD reagents and key components required for developing IVD equipment. Among
them, the quality of reaction enzyme, antigen, antibody and core component is the
core factor of the performance of IVD product, which directly affects the accuracy,
specificity and stability of the product and plays a key role in the IVD industrial
chain. With the rapid development of the IVD industry in China, the market demand
for IVD raw materials (enzymes, antigens, antibodies, etc.) as the upstream of the
industrial chain is increasing rapidly. The market size was 8.2 billion CNY in 2019,
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and it is expected to grow to 20 billion CNY in 2024 at a CAGR of 19.4%. From the
perspective of market structure, the key raw materials of IVD reagents in China
mainly rely on imports: in 2019, imported products accounted for 88% of the mar-
ket share of the raw materials for IVD reagents. The market size of domestic prod-
ucts was only one billion CNY, but it is growing rapidly with a CAGR of 30.6% in
2015-2019. As domestic enterprises gradually attach importance to the R&D of key
technologies of raw materials and the localization of the supply chain of the bio-
technology industry, it is expected that domestic products will gradually replace
imported products. Domestic reagent manufacturers have reached a certain size by
making great efforts to introduce, digest and absorb technology in recent years, and
some manufacturers with reasonable size can meet part of the market demand. The
quality of IVD products is largely determined by upstream IVD reagent raw materi-
als. However, due to the fierce competition in the industry, some manufacturers have
loosened quality control of raw materials in order to reduce production costs, which
is an important factor for the uneven quality in the raw material production industry
in China. In general, there is still a certain gap between the performance and stabil-
ity of domestic products and foreign products, so the former cannot meet the needs
of high-end projects. However, we can also see that some excellent domestic raw
material suppliers, under the pressure of COVID-19, vigorously promote R&D,
demand themselves with the highest international standard, and timely promote the
replacement with domestic raw materials. The revenue of COVID-19-related anti-
gens, antibodies, enzymes and other raw materials has increased dramatically, and
many raw material manufacturers with revenue of more than 100 million have
emerged. Among them, Fapon Biotech, Vazyme, Acrobiosystems, Sino Biological,
Hzymes Biotech, Yeasen Biotechnology, Novoprotein, Cusabio and other compa-
nies have reached a certain market size. At present, Vazyme has been listed on the
Science and Technology Innovation Board, and Acrobiosystems and Sino Biological
have been listed on the GEM, with a total market value of more than 80 billion
CNY. Fapon has also entered the waiting list for GEM IPO. In addition, many
upstream raw material enterprises, such as Hzymes Biotech, Yeasen, Novoprotein,
BiOligo, GeneMind, Bioeast, and Monad, have all achieved financing with a scale
of more than 100 million CNY, and the accumulated financing amount is nearly two
billion CNY.

1.10.2 Midstream

Biochemistry: Biochemical tests accounted for about 20% of the IVD market
share with a growth rate of less than 5% and a localization rate of more
than 60 %.

Biochemical diagnosis is to obtain clinical judgment information based on bio-
chemical indexes in the human body, such as enzymes, lipids, saccharides, proteins
and inorganic elements, which is applied to routine testing items in medical
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institutions, CDC and third-party laboratories, including liver function, kidney
function, blood glucose, blood fat, cardiovascular, and diabetes detection.
Biochemical industry is one of the earliest and most mature diagnostic means of
IVD in China. Its market growth is mainly driven by the sales of instruments and the
pipeline of biochemical immunity, while reagents grow slowly. The substitution rate
of domestic biochemical reagents is about 70%. At present, there are more than 200
domestic biochemical reagent manufacturers and more than 100 biochemical detec-
tion projects. The industry barrier is low, and the competition has entered the red
ocean model. Domestic high-speed biochemical instruments are developing rapidly.
Domestic biochemical analyzers with speeds below 800 account for 60-70% of the
market share. More than 10 domestic enterprises can produce analyzers with speed
of 1000 and 2000. In the biochemical field, the enterprise can maintain stable devel-
opment by adhering to the route of R&D of high-quality products and reducing the
cost of upstream raw materials. The cooperative development of pipelines, bio-
chemical closed systems and biochemical instruments with other products (such as
immunization) is an important direction for the development of biochemical enter-
prises in the future.

Immunization: Driven by the chemiluminescence market, immunodiagno-
sis is a segment with the largest scale and most new varieties in the IVD field in
recent years. At present, it accounts for more than 30% of the IVD market
share with a growth rate of about 15%. The localization rate is 25%-30%.

Immunodiagnosis is the largest sub-industry of IVD and is still developing rap-
idly. Immunodiagnosis can be classified into radioimmunoassay, ELISA, immuno-
chromatography and chemiluminescence by methodological classification.

ELISA is still widely used because of its advantages such as fast detection and
low cost. Domestic products account for more than 70% of the ELISA market share.
Multinational enterprises and more and more domestic enterprises have ELISA
product lines, and the market competition is similar to the biochemistry market. In
recent years, most of the patent applications of Roche and other global leading
enterprises adopt chemiluminescence technology, and the domestic immunization
market also shows a trend of chemiluminescence replacing ELISA.

The market share of domestic products in the field of chemiluminescence is more
than 20%. The domestic laboratory market is dominated by tertiary hospital cus-
tomers, and the future growth momentum will come from the secondary and tertiary
hospital market, which accounts for 65%. Under the background of medical insur-
ance cost control, domestic luminescence enterprises are facing the pressure of
price reduction. The fundamental competitiveness to become bigger and stronger
lies in continuous R&D innovation and powerful sales channels. At present, some
domestic reagent kits are fairly mature, but some core reagent kits with high-
performance requirements are still mostly imported products. Analysis of patent
applications for immunochemical raw materials shows that these segments are dom-
inated by foreign biomedical giants. Therefore, for domestic enterprises to realize
import substitution, firstly, they should improve the product performance, enhance
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the R&D of raw materials and the quality control of instruments, and ensure the
stability and high quality of raw materials and instruments. Secondly, they should,
according to the clinical needs, provide menus of test items that meet the require-
ments of domestic users and cannot be provided by foreign investors and increase
the number of installed instruments in hospitals through substantial test menus and
complete supporting reagents. Thirdly, domestic instruments and reagents should be
more cost-effective than imported products.

Molecular diagnostics: As one of the fastest growing segments of IVD,
driven by the demand for nucleic acid testing for COVID-19, molecular diag-
nostics has a market share of about 20% with a growth rate of 20%. The local-
ization rate is more than 50%.

According to different technology platforms, molecular detection can be divided
into polymerase chain nucleic acid amplification (PCR), gene sequencing (NGS),
fluorescence in situ hybridization, gene chip and nucleic acid mass spectrometry.
Molecular diagnostics is mainly used in infectious diseases, tumor diagnosis,
genetic disease diagnosis, eugenics, personalized medication, etc. Multinational
companies focus on high-end instruments, represented by ThermoFisher, Bio-rad,
Roche Quantitative PCR and Illumina Sequencer. In the field of mid-range instru-
ments, it is easy to make a breakthrough in technology, such as nucleic acid extrac-
tors, PCR amplifiers, nucleic acid hybridization ovens and gene chip instruments,
localization has been achieved and domestic products have occupied the leading
market, while the localization of gene sequencer is breaking through, mainly in
three ways: (1) merge and acquire a foreign sequencer company, and launch its
own-brand sequencers based on the core technologies of the acquired company,
such as BGI; (2) develop independently with internal research capacity; (3) cooper-
ate with a well-known foreign sequencer manufacturer, and transform its sequencer
prototype to form the company’s own-brand sequencers with special purposes, such
as Berry and Daan. During the COVID-19 pandemic, the market size of China’s
molecular detection industry has surged, and the demand for nucleic acid testing has
led to a doubling of the sales of domestic PCR amplifiers and nucleic acid extrac-
tors. According to the report of China Insights Consultancy, the market size of PCR
amplifiers in China was 6.6 billion CNY in 2020, which is expected to reach 20.6
billion CNY by 2030, with a CAGR of 12.0% from 2020 to 2030 [2]. In the post-
COVID-19 era, PCR technology will advance towards high precision, high through-
put and automation by improving the performance of polymerase and the processing
capacity of PCR equipment. The development of molecular diagnostics will largely
depend on the process of substitution with domestic products of upstream equip-
ment. With policy support and more excellent enterprises moving to the upstream
instrument side, molecular diagnostic instruments are expected to be substituted
with domestic products faster.

Looking forward to the future, the largest application market of molecular
diagnostics will be in the tumor field, including tumor susceptibility gene screen-
ing, early diagnostics of tumors, companion diagnostics of tumors and drug
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guidance, and monitoring after tumor recovery, forming a whole course and life
cycle management model. Among them, companion diagnostics is the fastest-
growing sub-industry in the molecular segment. Micromolecule targeting drugs,
macromolecular mAb drugs, immunological therapy and CART therapy all
require gene screening for maximum efficacy. With the rise of precision medicine,
based on Al, big data and Internet platforms, molecular diagnostics will be used
more and more widely.

Blood and Body Fluid: The blood and body fluid test market mainly includes
coagulation tests, blood cell analysis, urinalysis, urinary sediment analysis, etc.
The overall market accounts for less than 10% of the IVD market with a
growth rate of 10% and a localization rate of more than 50 %.

Blood and body fluid test mainly involves blood cell, urine and blood coagula-
tion test, including blood analyzer, coagulation analyzer, urine analyzer and other
equipment, detection reagents and consumables. The basic principle is mainly to
apply various physical and chemical methods, involving technologies such as flow
cytometry, electrical impedance, and photoelectric colorimetry, as well as the detec-
tion of routine blood tests, thrombus and hemostasis, routine urine tests and
other items.

Blood Coagulation At present, domestic enterprises have less than 20% of the
share in the coagulation market, and foreign enterprises have absolute advantages,
accounting for more than 80% of the market share. The three foreign giants of blood
coagulation are IL (Werfen Group), Sysmex and Stago. With the deepening of hier-
archical medical policy and the constant promotion of community hospitals and
other related concepts in recent 2 years, the market for mid-range and low-end coag-
ulation analyzers will increase significantly.

Blood Cell After decades of development in the field of blood cell tests, two blood
cell giants have emerged, namely Sysmex and Mindray, accounting for 60% of the
market share; at the same time, rising stars like Dymind have also emerged, and
Maccura has also stepped up its layout in the high-end blood cell market in recent
years. Blood cell analysis has also been upgraded from manual method to the cur-
rent blood cell pipeline.

Urinalysis In the past market share of urine test analyzers, foreign brands have
been occupying a high proportion. With the increasing maturity of the technology
of domestic brands, domestic brands have gradually replaced imported products
with a market share of more than 50%. Many domestic enterprises have started the
ball rolling in the secondary and tertiary markets, such as Dirui and Urit. In the
future, urinalysis will require higher speed, portability and accuracy to meet the
needs of families, individuals and primary care; at the same time, in large hospitals
and independent third-party laboratories, automatic pipelines for urinalysis will be
more widely used.
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With the continuous upgrading and improvement of automated instruments in
the blood and body fluid market, another key competitive advantage in the future
is the refinement and diversification of parameters. With the increasingly diversi-
fied demands for blood and body fluid test items in the Grade-A tertiary and
Grade-A secondary hospitals, routine items obviously do not meet the clinical
needs of the high-end market. Therefore, diversified parameters and reliable test
results will be the key technologies for manufacturers to compete in the high-
end market.

POCT: The current market size of POCT accounts for about 15% of the
overall IVD market with a growth rate of about 15%. The localization rate is
more than 50%.

From the perspective of the application field, POCT products can be used in
clinical tests, chronic disease monitoring, emergency anti-terrorism, disaster medi-
cal rescue, infectious disease monitoring, inspection and quarantine, food safety,
drug examination and other public health fields. From the perspective of application
sites, POCT products can be used in a variety of occasions, including wards, outpa-
tient departments, emergency departments, laboratories, operating rooms, and care
units in large hospitals; primary hospitals, community clinics and private clinics;
health service centers, disease prevention and control centers, medical rescue sites
for disasters, food safety testing sites, environmental protection sites; customs quar-
antine control, fast screening of illegal drugs; forensic medicine sites; biological
anti-terrorism sites, etc.

From the perspective of the growth rate of segments, POCT products for cardiac
markers and infectious diseases are in a rapid growth period with rapid demand
growth and large development space in the future. This is because saving cardiovas-
cular patients requires much higher timeliness than treating other diseases, and
POCT meets this demand with its high detection speed. Therefore, cardiovascular
detection has become the fastest-growing application of POCT. POCT for infec-
tious diseases is mainly a product for primary field screening and rapid detection of
various common infectious diseases and major infectious diseases, including AIDS,
syphilis, viral hepatitis, malaria, and influenza. Infectious diseases have attracted
different degrees of attention worldwide because of their characteristics of infectiv-
ity, epidemicity, territoriality and seasonality. China has also gradually increased the
prevention and monitoring of major infectious diseases. POCT products have
become an important tool for the prevention and control of related infectious dis-
eases. As in this pandemic, COVID-19-related POCT detection products are widely
used in the domestic detection field abroad.

POCT is one of the fastest-growing fields in the IVD industry. Due to the increas-
ing degree of aging and uneven distribution of medical resources, and thanks to the
advancement of hierarchical medical policy and medicare reform policy, China’s
POCT industry will still maintain rapid growth in the next few years. With the
development of precision medicine in recent years, there are higher requirements
for the precision of medical detection instruments. Biochip, microfluidics, mass
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spectrometer, reverse transcription polymerase chain reaction, isothermal amplifi-
cation, CRISPR gene editing and other technologies are combined with the POCT
platform to promote the rapid development of POCT towards refinement. In addi-
tion, the combination of artificial intelligence, mobile intelligent devices, intelligent
APP, wearable devices, biosensors and POCT detection technology can realize
remote patient monitoring and home medical services, which is of great signifi-
cance for chronic disease and health monitoring.

In the field of POCT, which is widely used and extensively demanded by the
market, Chinese enterprises have made continuous progress in technology. They are
not very far behind foreign enterprises and are more cost-effective. In the future, it
is more and more likely to realize substitution with domestic products.
“Miniaturization”, “Integration”, “Informatization” and “Intelligence” have become
higher requirements for the technical development and integration of POCT. In the
future, enterprises with the ability of upstream innovation and R&D and down-
stream channel promotion as well as the resources of industry—university—research
collaboration will be more competitive.

Microorganism: China’s microbiological diagnostics field started late with a
share of no more than 5% and a growth rate of 10%. At present, the microor-
ganism market is still dominated by imported products, and domestic products
account for about 20%.

At present, the main microorganism detection platforms include conventional
technologies, serum immunology, molecular diagnostics and mass spectrometry.
Conventional methods and serum immunology are relatively mature. Immunoassay
can only detect antibodies against known types of bacteria, which has high sensitiv-
ity, specificity and convenience, but the types of pathogenic bacteria that can be
detected are not complete. Mass spectrometry and molecular diagnostics are new
technologies. The core barrier of mass spectrometry is the traceability of bacteria
banks. A cloud database of microbial protein fingerprints needs to be established.
The representative domestic enterprises of mass spectrometry are Bioyong and
Autobio, and the representative foreign enterprises are Bruker, Mérieux and BD; the
core of gene test method lies in the establishment of bacterial gene databases and
the selection of detection method. The cost of macro genome sequencing is high,
and only known bacteria can be detected by PCR. The representative enterprises in
molecular diagnostics are BGI, Jiangxi PrecisionGene, and Dynamiker Biotech,
which focuses on the field of fungus detection. In the international market, Mérieux
is a leading enterprise in the global microbiological diagnostics industry, covering
all technical platforms in the field of microbiological diagnostics and accounting for
60% of the global market share of microbiological diagnostics.

Automation and intelligence are the future development direction of microor-
ganism detection: due to emerging infectious diseases, nosocomial infection and
increased antibiotic resistance, there will be an increasing demand for microbiol-
ogy and virology in the next 5 years. Automated and intelligent microorganism
detection equipment can improve the efficiency of testing microbial content of the
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sample, reduce the time required in routine testing, and detect the number and
types of microorganisms in a short time; at the same time, the testing technology
should guarantee the test results and improve the precision and scientific nature of
the test.

Pathology: China’s pathology market accounts for about 3% of the overall
IVD market with a growth rate of 10%. The localization rate is about 20%.

Pathology usually includes histopathology, cytopathology and molecular pathol-
ogy. Immunohistochemical technique is the most widely used in clinical practice,
which can be used for the diagnosis and differential diagnosis of malignant tumors,
the determination of the primary site of metastatic tumors, the further pathological
typing of tumors, the determination of histological classification of soft tissue
tumors, the discovery of micrometastases and the provision of a basis for clinical
treatment.

At present, the commonly used molecular pathological examination techniques
include chromosome karyotype analysis, fluorescence in situ hybridization, PCR,
gene chip and first-generation sequencing. In the general trend of precision medi-
cine, molecular pathology plays an important role in the detection of tumors, infec-
tious diseases and genetic diseases. At present, molecular pathological examination
equipment is dominated by international brands.

In China, cytopathology is mainly used for cervical cancer screening. TCT
screening of cervical cancer accounts for 80% of the total cytopathology market,
while there are too few examination items for other types of cancer.

The pain points of pathological diagnosis lie in the scarcity of pathologists and
technicians and the seriously uneven distribution of resources. However, with the
vigorous development of artificial intelligence, digital section scanning technology
and the Internet, digital remote pathological consultation + Al-assisted diagnosis
have taken root all over the country and become increasingly complete and mature,
which could effectively give play to the technical advantages of the pathology
department of superior hospitals, promote the subsidence of good pathologists and
help promote hierarchical medicare.

The market size of immunohistochemical pathology in China is growing steadily.
According to the data of Market & Market, the global immunohistochemistry mar-
ket size was about 1.9 billion USD in 2020, and it is expected to grow to 2.7 billion
USD in 2025 with a CAGR of 6.6% [3]. According to the data of Intelligence
Research Group, the CAGR of China’s immunohistochemistry market from 2012 to
2017 was 14.27%, which was significantly higher than the global average. With the
promotion of national hierarchical medicare, the pathological diagnosis ability of
primary care is bound to improve, which will bring a sustained and steady growth
momentum to the development of the pathological diagnostics industry, and is con-
ducive to the development of domestic brands.



1 Status and Progress 57

1.10.3 Downstream

Most downstream users of IVD include medical institutions, independent medical
laboratories, blood banks, physical examination centers and food testing markets.
The downstream market was expected to grow by a two-digit percentage in 2021.
On reason was that the routine business of medical institutions was expected to
recover in 2021 from 2020. Another reason was the growing demand for nucleic
acid testing of inpatients and the regular testing of COVID-19 prevention and con-
trol in various regions.

1.10.3.1 Medical Institutions

According to the statistics of the National Health Commission, as of the end of
2021, there were 1,030,935 medical and health institutions nationwide, an increase
of 8013 over the previous year. Among them were 36,570 hospitals, 977,790 pri-
mary medical and health institutions and 13,276 professional public health institu-
tions. Compared with the previous year, there were 1176 more hospitals and 7754
more primary medical and health institutions.

Person-times of diagnosis and treatment and person-times of hospitalization:
In 2021, medical and health institutions nationwide had a total of 8.47 billion
person-times of diagnosis and treatment, an increase of 730 million person-times
over the previous year (an increase of 9.4%). In 2021, residents visited medical
and health institutions 6.0 times on average. In the total amount of diagnosis and
treatment in 2021, there were 3.88 billion person-times (45.8%) in hospitals, 4.25
billion person-times (50.2%) in primary medical and health institutions, and 340
million person-times (4.0%) in other medical and health institutions. Compared
with the previous year, 560 million more person-times of diagnosis and treatment
were in hospitals, and 130 million more person-times of diagnosis and treatment
were in primary medical and health institutions. The total national health expen-
diture in 2021 was estimated to be 7559.36 billion CNY, including 2071.85 billion
CNY on government health expenditure, accounting for 27.4%; 3392.03 billion
CNY on social health expenditure, accounting for 44.9%; 2095.48 billion CNY
on personal health expenditure, accounting for 27.7%. The per capita total health
expenditure was 5348.1 CNY, and the proportion of total health expenditure in
GDP was 6.5% [4].

1.10.3.2 Third-Party Medical Laboratory

In 2021, the third-party independent laboratory industry achieved rapid develop-
ment with significant year-on-year growth. The third-party routine testing busi-
ness developed well. At the same time, as the main force of nucleic acid testing,
third-party laboratories play an important role in centralized screening in various



58 H. Song et al.

regions and individual testing for individual customers. In the first three quarters
of 2021, the performance of KingMed Diagnostics, Dean, BGI, Labway, Berry,
Novogene, and other listed companies focusing on third-party business
increased by 33%.

1.10.3.3 Physical Examination Center

With the gradual enhancement of the health awareness of urban residents, the
health consumption demand of residents has increased significantly, and the per
capita health care expenditure has increased significantly, which has strongly pro-
moted the development of the physical examination industry. In 2020, the person-
times of physical examination in China was about 464 million with a year-on-year
growth of 4.5%; in 2020, the market size of physical examination in China was
about 190.6 billion CNY with a year-on-year growth of 11% [5]. With the increas-
ingly close integration of artificial intelligence, big data and people’s physical
examination, as well as the high-tech integration of people’s physical examina-
tion-related data information, the past single service treatment model may be
transformed into a modern information model of integrated ‘“Prevention -
Treatment — Maintenance”. The revenue of Meinian Healthcare, a listed company
engaged in physical examination, increased by 32% year on year in the first three
quarters of 2021.

1.11 General Development Trends of Future Technology
and Products

Integration, high throughput, immediacy, portability and precision medicine are the
future development direction of products and technologies in the diagnostics indus-
try. At the same time, the constant inburst and upgrade and iteration of new tech-
nologies and new products such as mass spectrometry and mobile detection system
have brought broader application prospects to the IVD field.

1.11.1 Integration and High Throughput

In the process of China’s health system reform, based on the establishment of the
universal medical security system, a large number of medical needs have been
released, and the number of patients and specimens has increased. The medical
laboratory department urgently needs to obtain more reliable test data and infor-
mation in the shortest time, so it is particularly important to provide faster and
more comprehensive diagnosis and treatment basis for the clinic. Therefore,
medical laboratories have a strong demand for high-throughput, high-efficiency
and high-safety pipeline products. Secondly, with the promotion of hierarchical
medicare, the workload of outpatient services has been transferred to lower-level
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hospitals, and the sample size of primary medical institutions has gradually
increased. Secondary hospitals, including a large number of county-level hospi-
tals, also have potential demand for pipelines. In addition, the localization of
pipeline products is an important way to reduce the cost of clinical laboratories.
China’s pipeline market has great potential. In the next 10-20 years, there will be
a large number of intelligent pipelines in the upstream product side of the IVD
industry. A large number of whole laboratory pipelines, biochemical immunol-
ogy pipelines, blood cell pipelines, molecular pipelines, urine pipelines, blood
coagulation pipelines and pipelines for other segments will enter the end market.
The nucleic acid testing pipeline is undoubtedly another direction of future
industry innovation. It is feasible to focus on the pipeline development of infec-
tious disease diagnosis.

1.11.2 Immediacy and Portability

POCT products are easy to operate, and can achieve spot sampling and timely
results, which are very suitable for the application scenarios of primary medical
institutions, emergency and critical wards and clinical departments. With the full
implementation of the hierarchical medical policy, and the large-scale construction
of five major emergency centers for pectoralgia, apoplexy, trauma, maternal near
miss, and critical neonates with 4000 counties in China as the core units, POCT, as
a representative of immediate and portable equipment, can release the needs of
emergency and primary institutions and has a broad market. With the aging of the
population and the prevalence of chronic diseases, especially in the prevention and
control of public health, the conventional PCR nucleic acid testing technology can-
not meet the needs of screening and detection due to its cumbersome process, com-
plex operation, and the restrictions such as the need for centralized submission for
testing. By contrast, by combining the characteristics of high sensitivity and speci-
ficity of molecular diagnosis and the advantages of the POCT platform, molecular
POCT breaks through the restrictions of existing testing technologies on personnel
and places, effectively shorting the testing time and improving convenience. Driven
by the pandemic, molecular diagnostic POCT accelerated to the stage of clinical
detection. In the future, the application of nucleic acid testing POCT will be able to
detect a variety of pathogens and be applicable to multiple departments and a vari-
ety of application scenarios. At the same time, it can also detect human gene targets
and promote precise and rational drug use.

1.11.3 Precision Medicine and Companion Diagnostics

According to 2020 statistics, the number of cancer cases in China is 4.57 million,
and the number of cancer deaths is three million. China has a large base of cancer
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patients and many new cancer patients; the number of new cancer cases and cancer
deaths ranks first in the world [6]. Both the number and the increment drive the
patient’s demand for companion diagnosis. At present, the top 10 sales of tumor
drugs in China are tumor-targeting drugs, accounting for more than 50% of the
global market share of anti-tumor prescription. More and more drugs used by phar-
maceutical companies need diagnostic results as a reference, especially the intro-
duction of many new drugs needs companion diagnostic testing. There is great
potential for growth in companion diagnostics. In addition, with the deepening of
the cooperation model of companion diagnostics and drug development, the R&D
of diagnostic products will continue to accelerate.

1.11.4 Gene Sequencing Technology

Gene sequencing technology is the main technology of companion diagnosis, which
is still in the development stage. With the research and development of sequencing
technology, the development of the accompanying diagnostics market will change
dramatically. The continuous investment of capital in recent years has provided
“Logistics Support” for the field of companion diagnostics. To encourage the devel-
opment of precision medicine in China, in 2015, the Ministry of Science and
Technology determined to invest 60 billion CNY in developing the precision medi-
cine strategy by 2030, providing strategic direction for the development of compan-
ion diagnostics.

1.11.5 Mass Spectrometry

At present, many domestic IVD enterprises have entered the mass spectrometry
field, which started late and developed slowly. Developed countries in Europe and
the United States have widely carried out mass spectrometry clinical chemical test
projects, including neonatal screening, detection of hormones and their metabolites,
therapeutic drug monitoring, vitamin D detection and trace element detection. From
2004 to 2020, dozens of innovative clinical mass spectrometry enterprises emerged
in China. Due to the restrictions of factors such as access to fee list, access to reagent
registration, standardization of methodology, laboratory conditions and lack of tal-
ents, the development of domestic enterprises is limited at present. With the con-
stant improvement of such constraints, the mass spectrometry industry will enter the
fast lane of development. Now more than 10 domestic mass spectrometers have
obtained registration certificates. In addition, with the further development of LDT,
many projects suitable for detection by mass spectrometers will continue to be
launched, creating conditions for mass spectrometry to be extensively applied in
clinical practice.
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1.11.6 Mobile Testing System

Mobile sampling and mobile testing schemes have been widely used in public
health prevention and control, played an important role and enhanced the emer-
gency handling capacity of local authorities in public health emergencies. The
mobile rapid nucleic acid testing vehicle is equipped with a low-throughput or
medium-throughput nucleic acid tester and rapid virus inactivation equipment as
well as mobile negative pressure disinfection chamber and 5G data real-time trans-
mission function, which can be put into use in public places such as stations, squares,
and airports. And it can provide timely and rapid testing services for remote areas
and emergency scenes. This kind of testing system can meet urgent testing require-
ments under a variety of mobile scenarios. For example, onsite testing of multiple
indicators can be realized in the ambulance in the future, and data can be transmitted
to the first-aid consulting room in advance through the 5G network to improve treat-
ment efficiency. At present, the development of various diagnostic technologies and
products makes it possible to carry out all kinds of testing on a mobile vehicle,
especially mobile nucleic acid testing systems designed for COVID-19, makes all
kinds of mobile detection possible.

1.11.7 New Markers and New Inspection Items

There are many clinical needs for diagnosis and confirmation of the diagnosis of
diseases. The country’s annual investment in the field of basic science promotes the
discovery and development of new markers by the research team, resulting in the
continuous advancement of basic research.

Professor Yu Zujiang’s team of The First Affiliated Hospital of Zhengzhou
University and academician Li Lanjuan’s team of Zhejiang University have jointly
found that microbial markers could be used as an auxiliary tool for noninvasive
diagnosis of COVID-19. ACE2 is a target of SARS-CoV-24, which is expressed in
the lung, the liver, the kidney, the brain and small intestine epithelium. SARS-CoV-2
activates the intestinal ACE2 receptor and triggers inflammation, causing gastroin-
testinal symptoms and microbial dysbacteriosis. The treatise of the original research
results has been published in “Gut”, the official journal of the British Society of
Gastroenterology.

The research team of the State Key Laboratory for Quality Research of
Traditional Chinese Medicine of Macao University of Science and Technology has
successfully designed the first TiO2-PGC chip in the world. Its extremely sensitive
analytical technique can detect minor changes in the trace sugar chains of glyco-
proteins in complex sugar chains. The researchers analyzed the immunoglobulin in
human serum and the serum of patients with rheumatoid arthritis (RA) with this
innovative technology, and found that there were 21 diagnostic markers that could
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distinguish RA patients, among which, the specificity and sensitivity of the combi-
nation of two sulfonated N-glycan markers in diagnosing RA were about 85%, and
it could differentiate RA from ankylosing spondylitis and osteoarthritis. This was
an important breakthrough in the field of glycomics and rheumatoid arthritis diag-
nostics, which has provided a good technical platform for the in-depth study of
glycomics.

A research team of Yokohama City University in Japan announced that it had
jointly developed new diagnostic markers for ovarian clear cell carcinoma. Through
analysis of protein components, it was found that ovarian clear cell carcinoma
would characteristically produce TFPI2, in the hope of providing an effective refer-
ence for future diagnosis and treatment through the joint examination of “TFPI2”
and existing ovarian cancer markers.

Innovative Technology: As IVD has a wide range of application scenarios and
involves many techniques, and many detection needs have not been met, a variety of
new technologies will continue to be developed, such as digital PCR systems,
microfluidic chips, gene editing technology, noninvasive Blood Glucose Monitoring
technology, intelligent wearables, third and fourth generation sequencing, etc.

In China, some manufacturers have obtained registration certificates for digital
PCR instruments; however, no testing reagent has obtained registration certificate
yet. Therefore, the market has not realized the advantages of digital PCR systems.
There are various types of microfluidic chips, but until now, none of them has cre-
ated a mainstream application scenario. All conditions above bring a lot of develop-
ment potential to IVD enterprises. As a gene editing technology that has won the
Nobel Prize, it is expected by everyone to generate specific products and application
scenarios, bringing new surprises to the IVD industry. Although the Continuous
Glucose Monitoring system is developing rapidly, the real noninvasive glucose
monitoring system has not yet appeared. It is believed that with the continuous
development of science and technology, the launch of noninvasive glucose monitor-
ing will bring about a revolution in glucose monitoring.

The demand for intelligent wearables is increasing, and the relationship between
manufacturers and end users has changed significantly. With the help of intelligent
information, clinicians improve diagnosis, monitoring and prevention of diseases.
At the same time, patients also avoid unnecessary visits. Both patients and consum-
ers can obtain valuable advice on lifestyle and diet. In the context of increasing
chronic diseases and aging, preventive and personalized care has become a new
treatment. Those technologies that can support patients’ behavior changes and bring
positive changes in patients’ lifestyles will be in high demand in the future.

The third-generation sequencer and the fourth-generation sequencer can com-
plete single-molecule sequencing and direct RNA sequencing. After more than
10 years of development, the research on gene expression regulation based on single
cell is gradually becoming mainstream. In third-generation sequencing, gene
sequencing is studied in two dimensions of time (cell cycle) and space (organ
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distribution) with a single cell as a unit to record the mechanism details of gene
expression regulation of cells in the original tissue. The fourth-generation sequencer
can directly sequence RNA molecules at the single-cell level and single-molecule
resolution and recognize the modified nucleotides not directly transcribed in the
sequence. Therefore, the fourth-generation RNA direct detection technology must
simultaneously utilize nanopore technology and on-chip Raman spectroscopy,
which has the characteristics of fast sequencing and real-time monitoring of
sequenced data.

Gene editing technology CRISPR: The gene editing technology CRISPR is on its
way to commercialization. The latest progress in genetic engineering has started
new changes in biological and translational applications. CRISPR-Cas9 and its vari-
ants can perform multiple operations on genome functions. This genome editing
covers almost all industries involving biological systems, mainly including biotech-
nology, agricultural technology, therapeutics and diagnostics. A wide range of prod-
ucts in the biotechnology market, including CRISPR-Cas9, provide the required
endonuclease and gene editing reagents. At present, CRISPR technology is still in
the research stage in the diagnosis field. A lot of development work is still needed
before the diagnostic test based on CRISPR technology can be used in practice.
Today, only a few key institutions are committed to the diagnostic applications of
CRISPR technology.

1.12 Industry Forums and Conferences
1.12.1 Major Chinese Forums in 2021

(a) 2021 The fourth Immuno-therapy & Companion Diagnostic Development
Conference (Shanghai, December)

(b) 2021 China International Medical Innovation Forum (CMIF) (Suzhou,
November)

(c) 2021 The 13th IVD China Summit (during CMEF) (Shenzhen, October)

(d) 2021 (The 5th) China Medical Laboratory Summit (Enmore) (Nanjing,
September)

(e) 2021 The sixth World Precision Medicine (China) Summit (Guangzhou, August)

(f) The eighth China IVD Industry Investment CEO Conference (Taicang, July).

(g) 2021 The seventh Molecular Diagnostic Technology and Application Forum
(Shanghai, May)

(h) 2021 (The 9th) Molecular Diagnostics Summit (Suzhou, March)
(During the Enmore EBC Bioindustry Conference)

(i) The eighth China IVD Industry Development Conference (Chongqing, March).
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1.12.2 Major Chinese Expos

(a) The 85th China International Medical Equipment (Autumn) Fair CMEF
(Shenzhen).

(b) The 12th National Conference of Clinical Laboratory Management and 2021
Clinical Examination Equipment and Products Exhibition CCLAB (Xi’an,
postponed twice).

(c) The 17th National Conference & Expo of Laboratory Medicine of the Chinese
Medical Association NCLM (Changsha, postponed twice to the beginning
of 2022).

(d) The seventh National Conference of Clinical Laboratory Medicine Technology
and Application, the 4th “Belt and Road” Laboratory Summit, and the seventh
National Clinical Laboratory Equipment Exhibition CCLTA (Suzhou, offline +
online).

(e) 2021 Annual Meeting of Laboratory Physicians of the Chinese Medical Doctor
Association and the 16th National Laboratory and Clinical Conference (CDMA)
(Zhuhai)

(f) The 84th China International Medical Equipment (Spring) Fair CMEF
(Shanghai).

(g) The 18th China (International) Laboratory Medicine and Blood Transfusion
Instrument and Reagent Expo (Chongqing, offline + online).

(h) “Voice of Innovation” The sixth China Experimental Medicine Conference
CCEM (Chongqing, offline + online).

1.12.3 Major Overseas Expos

(a) 2021 MEDICA: This session of MEDICA was the first offline expo resumed
after the pandemic in Germany with an exhibition area of 115,000 square
meters, attracting excellent enterprises from nearly 70 countries. There were
3141 exhibitors in the MEDICA with a total number of 46,000 visitors. It also
holds online expos and live broadcasts simultaneously so that the audience can
learn about innovation in all medical fields.

(b) The 73rd AACC Annual Scientific Meeting & Clinical Lab Expo (AACC): The
73rd AACC was held in Atlanta, USA, from September 28 to 30, 2021. At the
73rd AACC, more than 400 exhibitors worldwide demonstrated the latest diag-
nostic technology, covering COVID-19 testing, artificial intelligence, mobile
health, molecular diagnostics and automation equipment.

(¢) The 2021 MEDLAB Middle East was held at Dubai International Exhibition
Center, United Arab Emirates, from June 28 to July 1, and welcomed more than
600 exhibitors from nearly 40 countries and regions around the world. In the
4-day exhibition, 25,600 medical professionals from more than 120 countries
were presented with the latest medical technology and the most forward-looking
technology products.
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1.13 Industry Associations (Table 1.11)
Table 1.11 Industry associations
National social groups related to IVD
No.| Name Subject
1 | Chinese Society of Laboratory Medicine of the Chinese Medical Academia
Association
2 | Laboratory Physician Society of the Chinese Medical Doctor Academia
Association
3 | Laboratory Medicine Specialized Committee of the China Society of Academia
Integrated Traditional Chinese and Western Medicine
4 | Chinese Hospital Association Clinical Laboratory Specialized Academia
Committee
5 | Laboratory Medicine Specialized Committee of the Medical Science and | Academia
Technology Commission, CPLA
6 | Medical Laboratory Industry Society of the National Association of Industry
Health Industry and Enterprise Management
7 | Experimental Medicine Society of the National Association of Health Academia
Industry and Enterprise Management
8 | IVD Society of the China Association for Medical Devices Industry Industry
9 | China Society of Medical Laboratory Equipment Academia &
Industry
10 | Branch of POCT Equipment and Technique for on-site Rapid Detection | Academia &
of the Chinese Association of Medical Equipment Industry
11 | Laboratory Medicine Society of the Chinese Geriatrics Society Academia &
Industry
12 | Laboratory Medicine Specialized Committee of the Chinese Research Academia
Hospital Association
13 | Molecular Diagnostic Medicine Specialized Committee of the China Academia
Research Hospital Association
14 | Microbiology and Immunology Society of the Chinese Medical Academia
Association
15 | Clinical Applied Biochemistry and Molecular Biology Society of The Academia
Chinese Society of Biochemistry and Molecular Biology
16 | Laboratory Medicine Society of the China Association of Chinese Academia
Medicine
17 | Chinese Society for Immunology Academia
18 | Labeling Immunoassay Committee (LIC) of the China Association for Academia
Instrumental Analysis
19 | Medical Specialized Committee of the Laboratory Special Committee of | Academia
the China National Accreditation Service for Conformity Assessment
(CNAS)
20 | Laboratory Society of the Chinese Association of Geriatric Research Academia &
Industry
21 | Experimental Diagnosis and Social Services Specialized Committee of Academia &
the China Health Culture Association Industry

(continued)
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Table 1.11 (continued)
National social groups related to IVD
No.| Name Subject
22 | Medical Laboratory Engineering Society of the Chinese Society of Academia &
Biomedical Engineering Industry
23 | Rheumatology and Molecular Immunology Society of the National Academia &
Association of Health Industry and Enterprise Management Industry
24 | Laboratory Medicine Society of the Bethune Spirit Research Association | Academia &
Industry
25 | Clinical Diagnostics and Experimental Medicine Society of the Chinese | Academia &
Maternal and Child Health Association Industry
26 | Clinical Molecular Diagnostics Branch of the Biophysical Society of Academia &
China industry
27 | Genetic Diagnosis of Genetic Society of China Academia &
industry
28 | Clinical Laboratory Testing and Invitro Diagnostic Test Systems Academia &
Industry
29 | Clinical Mass Spectrometry Committee of the Chinese Mass Academia &
Spectrometry Association Industry
30 | Clinical Laboratory Medicine Society of the China International Academia &
Exchange and Promotive Association for Medical and Health Care Industry
31 | Laboratory Medicine Specialized Committee of the China Medicine Academia &
Education Association Industry
32 | Thrombosis and Hemostasis Specialized Committee of the Chinese Academia
Research Hospital Association
33 | Intercollegiate Collaboration Council of Medical Laboratory Specialty Academia
of National Medical Colleges and universities
34 | Hygienic Inspection Specialized Committee of the Chinese Preventive Academia
Medicine Association
35 | Clinical Immunology Society of Chinese Society for immunology Academia
36 | Laboratory Medicine Specialized Committee of the China Medical Academia
Women’s Association
37 | Primary Laboratory Technique Standardization Society of the China Academia
International Exchange and Promotive Association for Medical and
Health Care
38 | Clinical Trial Society of the China Association for Medical Devices Academia
Industry
39 | Clinical Laboratory Specialized Committee of the Chinese Academia
Antituberculosis Association
40 | Biological Diagnostic Technology Society of the China Medicinal Academia

Biotechnology Association
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Opportunities and Challenges 2

Yaoyi Zhu, Linda Zhang, Qi Chen, and Wenting Xiao

With the coronavirus disease 2019 (COVID-19) outbreak in all countries worldwide
and influenced by factors such as the global political environment, economy, tech-
nological innovation, and the Internet, in vitro diagnostics (IVD) enterprises are
facing new opportunities and challenges.

2.1 Opportunities
2.1.1 Increased Medical Expenditure

According to the 2021 Statistical Communique of China’s Health Development, the
total national health expenditure in 2021 was preliminarily estimated to be 7559.36
billion CNY, the per capita total health expenditure was 5348.1 CNY, and the total
health expenditure accounted for 6.5% of GDP. In 2021, the average outpatient cost
of hospitals per time was 329.2 CNY, 1.5% higher than that of the previous year at
the current price, and 0.6% higher at the comparable price; the average hospitaliza-
tion cost per time was 11,002.9 CNY, 3.6% higher than that of the previous year at
the current price, and 2.7% higher at the comparable price. The average daily hos-
pitalization cost was 1191.7 CNY. The per capita financial subsidy standard for
basic public health service projects increased from 74 CNY in 2020 to 79 CNY in
2021 [1]. It can be seen that China’s overall health expenditure is constantly increas-
ing, and the per capita health expenditure also shows a trend of synchronous growth.
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2.1.2 Opportunities for Public Health Prevention and Control

IVD has significant advantages in the detection and prevention of infectious dis-
eases and can play an important role in pathogen screening. There is great demand
for the diagnosis and treatment of seasonal diseases and the examination of com-
mon respiratory and intestinal diseases, including a large number of outpatient and
emergency examinations. Due to the needs for the prevention and control of
COVID-19, many PCR testing products have emerged, which are basically operated
based on gene amplification laboratories, but many primary prevention and control
sites still lack effective nucleic acid testing means. If all provinces in the country
delegate the authority of infectious disease testing to grassroots and communities,
the primary prevention and control sites will gradually become the main battlefield.
However, many epidemic areas do not have the nucleic acid testing capability, so
samples need to be sent to qualified laboratories, which often take a long time.
Therefore, in this case, mobile molecular rapid test is very suitable for the monitor-
ing needs of infectious diseases at the grassroots level. At the same time, we predict
that the state will pay more attention to nosocomial infection monitoring, and
molecular rapid test products will be more favored.

2.1.3 Overseas Development

The export value of China’s IVD products in 2021 should be more than ten billion
USD, making China one of the major producers of IVD products in the world.

2021 was a more unpredictable year. At the beginning of the year, the market was
still looking forward to the post-pandemic era of vaccination-based mass immuni-
zation, while the Omicron variant at the end of the year will probably lead to a
record number of new infections per day. For the export market of COVID-19 test-
ing, since antibody detection stepped down from the stage of history in the second
half of 2020, antigen detection has cut a striking figure. After it was approved for the
European OTC market for home testing in March 2021, it ushered in an unexpected
outbreak. From March to May 2021, the export data of immunological products
through customs were 1.07 billion USD, 2.06 billion USD, and 1.81 billion USD,
respectively. By October 2021, the accumulative export value of immunological
products in 2021 was more than 8 billion USD. In the fourth quarter of 2021, Acon
and iHealth successively obtained the EUA of COVID-19 Antigen OTC Testing in
the United States, opening up a COVID-19 testing market far larger than that of
Europe to Chinese companies.

At present, China has one of the most complete product lines in the IVD field.
There are Chinese enterprises engaged in R&D and production in all branches of the
seven major product lines, and they are constantly expanding overseas exports.
Some enterprises have set up production bases overseas, and invested in and held
overseas enterprises. In the future, China’s IVD industry will go global more and
more significantly.
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2.1.4 The Opening of Multi-Birth Policy Promotes the Test
for Eugenics

According to the 2021 Statistical Communique of China’s Health Development, in
2021, the antenatal examination rate of pregnant and lying-in women was 97.6%,
and the postnatal visit rate was 96.0%. Compared with the previous year, the ante-
natal examination rate and the postnatal visit rate both increased. In 2021, the sys-
tematic management rate of children under the age of 3 was 92.8%, basically equal
to that of the previous year, the systematic management rate of pregnant and lying-
in women was 92.9%, slightly higher than the previous year. In 2021, free examina-
tion was provided to 8.23 million couples planning to get pregnant, covering an
average of 93.5% of the target population. It is noteworthy that the proportion of
second children in the births increased from about 30% in 2013 to about 43% in
2021 [1]. In the context of the full opening of the multi-birth policy, the risk of fetal
chromosomal abnormalities will increase with the increase of the pregnant woman’s
age. This trend has led to the demand of the maternal and child market for prenatal
screening, prenatal examination (such as monogenic inherited disease screening),
assisted reproduction and genetic screening of newborns. In the next few years, the
scale of relevant segments in China will expand rapidly.

2.1.5 The Policies of SFDA Drive Registration Fast
and Convenient

This year is the year in which the State Food and Drug Administration issues most
relevant laws and regulations on medical devices and IVD products, which will play
a positive role in promoting the vigorous development of the IVD industry.
Moreover, many regulations are new, such as the ones related to emergency registra-
tion procedure, LDT, registration and self-test, overseas clinical data use, and clini-
cal exemption. It is believed that the promulgation of these laws and regulations will
have a significant positive impact on the registration of IVD products.

2.1.6 Localization of Foreign Capital (Production, R&D,
Decision-Making Process)

While foreign-funded enterprises set up production bases in China, more and more
foreign-funded enterprises also set up R&D systems in China. The products devel-
oped and produced in China are not only supplied to the Chinese market but also
re-exported to the world, from the original “in China, for China” to the current “in
China, for the World”. Moreover, the foreign-funded enterprises grant the Chinese
team more decision-making authorities to actively and quickly respond to the devel-
opment of the Chinese market. The localization of foreign capital makes foreign
capital not only actively develop in China but also play a positive role in continu-
ously stimulating and promoting the development of the Chinese market.
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2.1.7 The Opening Up of the Capital Market Brings More
Listing Opportunities

Since the opening of the Science and Technology Innovation Board in 2019, the
number of [POs in China’s IVD industry has dramatically increased. The number of
new listed companies in 2020 was 5 more than that in 2019. In 2020, a total of 9
companies were listed (including 4 in Science and Technology Innovation Board),
13 were approved (including 12 in Science and Technology Innovation Board), and
23 were accepted (including 18 in Science and Technology Innovation Boards), by
the end of 2020, the market cap of listed companies was 1183.6 billion CNY, an
increase of 151% over the end of 2019. In 2021, a total of 18 companies were listed
(including 13 in Science and Technology Innovation Board), 3 were approved
(including 2 in Science and Technology Innovation Board), and 9 were accepted, by
the end of 2021, the market cap of listed companies was 1201.6 billion CNY, an
increase of 1.5% over the end of 2020, and the CAGR of the market value of IVD-
listed companies in 18-21 was 42.75%. From the perspective of the financing scale
of the capital market, the net amount of funds raised by the four listed companies in
2019 totaled 1.35 billion CNYwith an average of 450 million CNY raised by each
company, the 9 companies listed in 2020 (including Burning Rock and Genetron,
the companies listed in NASDAQ) raised 9.53 billion CNY in total with an average
of 1.19 billion CNY. In 2021, 18 listed companies raised 19.03 billion CNY with an
average of 1.06 billion CNY. The incremental exit channels provided by GEM reg-
istration system and the establishment of the Beijing Stock Exchange will inevita-
bly further expand the IPO in the medical and health sector in China in the future,
which will also drive the investment in the primary market, stimulate capital to enter
the IVD industry, and promote the rapid development of domestic IVD enterprises.
According to incomplete statistics, as the industry that has benefited the most from
COVID-19, IVD had 82 financing events in 2021 with a financing scale of more
than ten billion CNY.

2.1.8 The State Increases Investment in the Construction
of Medical Institutions and Facilities

In the middle of this year, the National Development and Reform Commission
issued the Implementation Plan for the Construction of a High-quality and Efficient
Medical and Health Service System during the 14th Five-year Plan Period (herein-
after referred to as the Plan) formulated by four departments. The state has made it
clear that within 5 years, a high-quality and efficient integrated medical and health
service system with complete system, reasonable layout, clear division of work,
complementary functions, close cooperation, efficient operation, and resilience
should be basically completed. With the policy support, a large number of medical
device gaps emerged, and the medical device market ushered in a trillion-level
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allocation tide. The amount of investment subsidy within the central government
budget for any single project of provincial, municipal, and county-level CDC shall
not exceed 200 million CNY, 50 million CNY, and ten million CNY, respectively.
The maximum amount of investment subsidies within the central government bud-
get of regional medical centers, national serious infectious disease prevention and
cure bases, and national major medical rescue bases shall not exceed 500 million
CNY, 300 million CNY, and 300 million CNY, respectively. The Plan requires
strengthening the construction of county-level medical communities, encouraging
the construction of open and shared imaging, ECG, pathological diagnostics, medi-
cal examination and other centers based on county-level hospitals, strengthening the
provision of telemedicine and information equipment, connecting with high-level
provincial and municipal hospitals, and connecting with primary medical and health
institutions [2]. With the policy support, products such as IVD and medical equip-
ment, as an important link of the construction of medical institutions, will gain
incremental market, and listed companies on related tracks are expected to benefit.

Recently, the National Health Commission and the Department of Finance
jointly released the Notice on Issuing the 2022 Serious Infectious Disease Prevention
and Control Budget in Advance. The Notice makes it clear that 15.57 billion CNY
of financial funds will be issued in advance to expand the national immunization
program, AIDS prevention and control, tuberculosis prevention and control, schis-
tosomiasis and echinococcosis prevention and control, mental health and chronic
non-communicable disease prevention and control, COVID-19 and other key infec-
tious disease monitoring [3].

At the same time, the Ministry of Finance also issued the Notice on issuing the
2022 Basic Public Health Service Subsidy Budget in Advance. Compared with
2021, the basic public health subsidy in 2022 issued in advance this time has
increased significantly, totaling 58.85 billion CNY [4]. The central and western
regions received more subsidies, all exceeding 20 billion CNY. Sichuan, Henan,
Shandong, Hunan, and other provinces received more funds. Nearly half of the sub-
sidies will be invested into grassroots to improve basic public health services.

At the same time, aiming at the problem of insufficient cure capacity in public
health emergencies, the National Health Commission pointed out that county-level
hospitals were currently equipped with 9.7 ventilators on average (a minimum of 0
sets and a maximum of 24 sets), including 2.3, 1.9, and 5.5 on average for respira-
tory department, emergency department, and ICU, respectively. The number of ven-
tilators in the eastern, central, and western regions shows a decreasing trend. The
hospitals in poverty-stricken counties are equipped with 6.5 ventilators on average,
and the respiratory department, emergency department, and ICU of hospitals in
poverty-stricken counties are also equipped with less ventilators than the general
level of county-level hospitals [5]. This also means that with the advanced issuance
of subsidies, major primary medical institutions will further supplement the missing
medical devices, so as to improve the comprehensive medical service capacity and
complete the tasks indicators assigned by the state.
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Undoubtedly, in the post-pandemic era, with the new requirements of the state
for the construction of public health at the grassroots level, there will be more new
opportunities for the industry. For example, the equipment configuration related to
the testing of key infectious diseases such as COVID-19 will be the first problem to
be solved.

2.1.9 The State Strengthens the Support of Medical
Equipment Industrialization

IVD industry opportunities have always been highly related to the planning and
deployment of the medical industry at the national policy level. The COVID-19 has
reversed globalization and also made China’s economic development environment
face more profound and complex changes. “Innovation Driven” promotes eco-
nomic development. In the “14th Five-year Plan”, the investment in R&D of the
whole society will increase by more than 7% annually, aiming to promote the
transformation of clinical research achievements and speed up the solution of the
“Bottlenecks” in a number of drugs, medical devices, vaccines, medical data, etc.
Improve the facilities and equipment level of major medical research platforms
such as key state laboratories; build high-level, international and open clinical
research transformation platforms and innovative technology incubation bases for
drugs, medical devices and equipment, vaccines, etc. Improve the infrastructure
conditions for clinical diagnosis and treatment and appropriately allocate large
medical equipment in advance. And deeply use 5G, artificial intelligence and other
technologies to build global leading smart hospitals and serious disease data
centers.

For national and regional medical centers included in the equipment plan,
focus on building business houses, purchasing medical equipment, building IT
and scientific research platforms, establishing telemedicine and education plat-
forms, and accelerating the intelligent transformation and upgrading of medical
equipment.

Select and build about 120 provincial-level regional medical centers. Improve
the level of large-scale equipment, strengthen the construction of smart hospitals,
and ensure the needs of telemedicine. Strengthen the construction of specialized
centers for pectoralgia, apoplexy, trauma and respiration as well as comprehensive
cancer treatment centers and chronic disease management centers. Strengthen the
construction of county-level medical communities, encourage the construction of
open and shared imaging, ECG, pathological diagnostics, medical examination and
other centers based on county-level hospitals, strengthen the provision of telemedi-
cine and information equipment, connect with high-level provincial and municipal
hospitals, and connect with primary medical and health institutions. It is necessary
to build county-level first-aid centers based on county-level hospitals, and establish
and improve the county 120 emergency network based on qualified township health
centers. Strengthen the construction of blood banks at all levels and improve the
blood emergency linkage support capacity [2].



2 Opportunities and Challenges 75

2.2  Challenges
2.2.1 Uncertainties Caused by COVID-19

The decline in routine works led by COVID-19 has affected the operation of routine
testing items and the sales of corresponding IVD products. At the same time, prob-
lems in the supply chain of some products also affected the timely production and
supply of products. There are also different effects on different enterprises. The
differences between enterprises are enlarged, the performance of different products
of the same enterprise varies, and the same product fluctuates greatly in different
markets and regions.

2.2.2 Reform of Medical Service Price and Change of Medical
Insurance Payment Mode

At present, there are great differences and discrepancies in medical service prices
across the country, including charges for testing items. As the state prepares to
advance the reform of medical service prices, it is worth paying close attention to
whether a unified national charging standard for test items will be established. If this
change occurs, corresponding response requirements and changes to IVD enter-
prises will definitely emerge. At the same time, with the in-depth and comprehen-
sive operation of DRG and DIP in the country, the operation and arrangement of
testing items by medical institutions will certainly have a great impact on the IVD
industry, prompting enterprises to conduct in-depth research and actively explore
the changes to adapt to this medical payment system.

2.2.3 Impact of Bidding

The one-size-fits-all bidding policy lacks the standard to judge the quality of
reagents, and there is often a tendency for low price to win the bid, which often
ignores the demand of medical institutions for services in the process of product
application and ignores the fact that the clinical significance of products with differ-
ent technical indicators is significantly different and the R&D and production costs
of products are high. These may make some enterprises unable to attach importance
to quality or performance, which is very disadvantageous for product users or end
customers to expect more accurate diagnosis results and satisfactory services, and
for promoting technological innovation in industries and enterprises.

2.2.4 Inadequate Innovation Ability

Relatively concentrated product categories, uneven product quality, and serious
homogeneous competition in the industry have seriously hindered the healthy
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development of the IVD industry in China. Although the investment in R&D of
enterprises in the industry has been increasing in recent years, the overall proportion
is still low, generally below 10%, which is still far behind the international leading
enterprises. Although various funds are active, there are few funds willing to invest
in early projects and innovative projects. Most funds focus on mature and pre-IPO
enterprises and projects. As a result, there are very few original and global leading
projects every year.

2.2.5 Fiercer Market Competition

At present, domestic IVD enterprises face multiple challenges. On the one hand,
foreign-funded enterprises have been expanding their presence in the Chinese mar-
ket in succession. Danaher, Beckman, and Roche have constantly increased their
investment in China during the pandemic period and built new production and
R&D centers. The R&D centers and production bases of Perkin Elmer, Ortho, and
other international enterprises in China have been increasingly put into use. The
launch of Hitachi’s first domestic 3500 biochemical analysis system in the Suzhou
factory marks that the layout, acquisition, and strategic cooperation of interna-
tional enterprises in China are accelerating. The pandemic is bound to further pro-
mote international brands to accelerate the pace of localized production, R&D,
investment, M&A in the above ways. There is an objective gap between domestic
enterprises and foreign enterprises in terms of global operation capability. In the
international market, our domestic enterprises mainly focus on the markets of
developing countries such as Asian, African and Latin American countries, and
their market share in developed countries such as European countries and the
United States is still small (except for COVID-19 reagents). Therefore, if a domes-
tic IVD enterprise wants to become a company with global influence and obtain
better development space, it must go abroad. The sooner the layout, the better. In
the future, for excellent IVD enterprises, global operation is a must, which requires
us to constantly accumulate experience and practice, strengthen the construction of
our product lines and product quality, and build channels and systems for products
to go abroad.

On the other hand, driven by COVID-19, a large number of IVD enterprises are
vying to be listed. According to incomplete statistics, there are nearly 2000 IVD
manufacturers in China, 52 A-share listed companies, 18 new listed companies in
2021, and 10-20 companies are expected to be listed in the next 2 years. This
reflects the prosperity of the IVD industry and also means that competition among
enterprises will be more intense in the future. Therefore, in the future, domestic
IVD enterprises need to strengthen their quality control and the requirements for
standardized and large-scale production. Only by improving their competitiveness
can they stand out in the fierce competition and meet new development
opportunities.

Declaration Linda Zhang, Qi Chen and Wenting Xiao are employees of Fosun Pharm.
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3.1 Introduction to Main Automated Chemiluminescence
Immunoassay Analyzers

3.1.1 CL-8000i

Since 2013, Shenzhen Mindray Bio-Medical Electronics Co., Ltd., has released
multiple automated chemiluminescence immunoassay analyzers including
CL-2000i, CL-1000i, CL-900i, CL-6000i, and the latest CL-8000i. The detection
system of CL-8000i uses alkaline phosphatase (ALP) as the marker and AMPPD as
the substrate. CL-8000i performs up to 500 tests/hour on a single module and pro-
vides 36 refrigerated reagent positions and 300 sample positions. It is modularly
scalable and compatible with the M6000 total laboratory automation system.
CL-8000i helps to improve medical quality and operational efficiency in the follow-
ing ways. First, the VU-Mix (vortex + ultrasound mixing) technology is used to
remove non-specific conjugates and reduce fibrin interference; FS-Sampling (full-
scene sampling) can automatically identify sample containers and intelligently
identify and warn about abnormal liquid levels, which improves the accuracy of test
results. Second, the calibrators and controls of CL-8000i carry their barcode and
thus require no dispensing. This means they are ready for use in the test with a sin-
gle press of a button. The system is equipped with an intelligent reagent manage-
ment module that allows for the automatic mixing of magnetic beads and visualized
loading, which simplifies the operational procedure. The high-throughput testing
and emergency priority capabilities ensure a fast turnaround time (TAT) at all times.
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In addition, CL-8000i has won the iF Award for Product Design, User Experience,
User Interface Design, and the Red Dot Award for User Experience and Interface
Design. With an integrated intelligent alarm system and cross-media integration of
information, CL-8000i can transmit information from far to near, so that the labora-
tory staff can accurately locate various unexpected risks and deal with them prop-
erly. Moreover, in line with Good Laboratory Practice, CL-8000i provides an
end-to-end testing information traceability platform to support the analysis and
investigation of results, making clinical testing safer and more reliable.

3.1.2 IFlash 3000-G

Shenzhen Yhlo Biotech Co., Ltd., has recently released iFlash 3000-G, which is
powered by the magnetic microparticles-based acridinium ester direct chemilumi-
nescence technology. With the ability to perform up to 600 tests/hour on a single
module, it can report the first result in 12 min, greatly improving the work efficiency
of the laboratory. IFlash 3000-G has 40 refrigerated reagent positions for the load-
ing reagents with no downtime. It can accommodate either 140 sample positions or
480 sample loading units and support giving priority to emergency samples. It can
be connected with other instruments in the same series and is compatible with a
laboratory automation system. IFlash 3000-G is designed with independent sample
and reagent needles, with no tips required. It is capable of liquid-level detection,
clot detection, empty suction detection, and horizontal and vertical crash protection
while reducing the carryover to less than 0.1 ppm. IFlash 3000-G can store 3000
cuvettes at one time. Its supports for pouring for loading at any time, in-line dilution
of concentrated wash solution, and loading of all consumables with no downtime
help to maintain the continuity of the sample testing process and ensure a fast TAT
for the laboratory.

3.1.3 MAGLUMI X8

MAGLUMI X8 is the latest automated chemiluminescence immunoassay analyzer
developed by Shenzhen New Industries Biomedical Engineering Co., Ltd. The ana-
lyzer is built upon direct chemiluminescence technology and uses ABEI as the lumi-
nescent maker. As the first ultra-high-speed automated chemiluminescence
immunoassay analyzer with a throughput of 600 tests/hour, MAGLUMI X8 pro-
vides 42 reagent positions and 300 sample positions. It can be connected with
instruments of the same model, biochemical instruments, and electrolyte analyzers,
and be configured later to be compatible with Total Laboratory Automation (TLA)
systems. It supports emergency priority and emergency position customization and
features an auto-retest function. Its sampling process is achieved with disposable
tips and a one-suction multi-injection method, which improves the utilization of
tips. The analyzer can automatically detect liquid levels, clots, bubbles, and crashes.
With the ability to load 576 tips at one time, it provides an intelligent loading mode
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that enables continuous loading and real-time display of quantity. Its reagent needle
is made of titanium alloy and coated with TEFLON. A double-needle design real-
izes the simultaneous aspiration of different reagents. The product incorporates the
4-station cleaning technology in a high-speed single channel, the multi-magnetic
separation technology, and the non-contact magnetic microbeads resuspension
technology.

3.1.4 Smart 6500

Shanghai Tellgen Corporation uses acridinium ester as a luminescent marker for
their chemiluminescence reagents, which are more suitable for the detection of thy-
roid function, hormones, and other small molecules. SMART 6500 automated che-
miluminescence immunoassay analyzer provides a throughput of 360 tests/hour and
a yield of 389 tests/hour/square meter. It can be connected with Immune Island, an
innovative immunoassay solution of Tellgen, to incorporate flow fluorescence and
chemiluminescence technologies for flexible combinations of multi-item testing
and single-item testing. Users can determine how many of each instrument to use as
per the testing needs of the laboratory and complete up to 3000 tests/hour. The
Immune Island of Tellgen can also be connected with the Hitachi-Tellgen compati-
ble automation line, the compact and unique immunoassay solution which provides
a greater test throughput in a smaller area.

3.1.5 AutoLumo A6000

AutoLumo A6000 is the latest automated chemiluminescence immunoassay ana-
lyzer from Autobio Diagnostics Co., Ltd. The system adopts enzymatic chemilumi-
nescence and uses HRP as the luminescent maker. The product is characterized by
duplicate backup, ultra-fast detection, ease of use, scalability, and connectivity, and
biosafety. The reagent tray, reagent needle, sample transfer channel, substrate solu-
tion, and wash solution are all designed with a backup, which minimizes downtime
and ensures the uninterrupted running of the entire system. With a single-module
testing speed of up to 600 tests/hour, up to four analyzers can be used online together
to perform up to 2400 tests/hour. The reagents can be rapidly mixed within 5 min.
The reagent chamber supports uninterrupted refrigeration even when the entire sys-
tem is in sleep mode, which shortens the time it takes to prepare for an experiment.
A dedicated emergency track is available for emergency samples to take precedence
over on-test racks. The reagents, cuvettes, substrates, and wash solutions can be
replaced with no downtime. A single analysis module has 50 reagent positions and
supports RFID RF scanning to record reagent consumption in real-time. The con-
centrated wash solution is automatically prepared and supplied in real time, which
facilitates storage, transportation, and replacement. With multiple systems working
together, the analyzer can run offline for up to 6 h without interruption. The cuvettes
can be discarded after solid-liquid separation. The sample loading/unloading and
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track modules are designed to be fully enclosed to minimize aerosol leakage. The
pre-processing decapping module can realize rotary decapping, negative pressure-
based filtration and discharge of aerosols, and UV disinfection of waste chambers.

3.1.6 3000

13000 is the latest automated chemiluminescence immunoassay analyzer from
Maccura Biotechnology Co., Ltd. The analyzer is powered by the magnetic
microparticles-based acridinium ester direct chemiluminescence technology. It
offers benefits such as high speed, flexible scalability, excellent performance, ease
of operation, and simple maintenance. Its multiple modules can work together to
meet the needs of laboratories with different test volumes. Its single module runs up
to 300 tests/hour. The time to the first result is 14 min. Up to 200 samples can be
loaded at one time, with continuous loading allowed. An independent emergency
channel is available for immediate loading. The Carry-over rate is less than 0.1 ppm.
Up to 2000 cuvettes can be loaded at one time. A dedicated reagent loading channel
allows reagents to be loaded at any time, while the analyzer is running. The consum-
ables reservation function comes with an indicator light that tells when a replace-
ment is needed. A reservation function is also available for the concentrated wash
solution to allow automated preparation. The analyzer features a flexible set of
washing methods, multiple magnetic separation techniques, and a patented mag-
netic field design. With the ability to perform daily maintenance automatically,
without requiring any manual intervention, the analyzer can identify problems
beforehand and support users in solving them.

3.1.7 Caris200

Caris200 is the latest automated chemiluminescence immunoassay analyzer from
Beijing Wantai Biological Pharmacy Enterprise Co., Ltd. The analyzer is powered
by the acridinium ester direct chemiluminescence technology. Impressive through-
put: There are 50 reagent positions and an independent power supply, with no man-
agement required for 28 days after reagent loading; 50 items can be tested on one
analyzer, offering a throughput of up to 200 tests/hour; 110 sample positions and 10
emergency priority positions ensure that various clinical testing needs can be met.
Online continuous loading: Online continuous loading of samples and reagents;
online continuous addition/replacement of buffers, pre-trigger solutions, trigger
solutions, and other general reagents; online continuous addition of all consumables
including disposable tips and cuvettes. Proper structure layout: The 3D robotic arm
works flexibly and stably; the pressure-based liquid sensing technology is used to
detect the liquid level; cost-saving disposable tips (non-carbon fibers) are used to
prevent cross-contamination; the pre-heating cleaning function improves the effi-
ciency in cleaning reagent loading needles; the anti-jamming design of cuvettes
lowers the failure rate.
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3.1.8 CM-320

CM-320 is the latest automated chemiluminescence immunoassay analyzer from
Dirui Industrial Co., Ltd. The analyzer is powered by the acridinium ester-labeled
direct chemiluminescence technology. It runs up to 320 tests/hour and comes with
620 sample positions and 36 reagent positions. It offers the ability to load reagents
and cuvettes with no downtime and to automatically dilute concentrated wash solu-
tion in-line. This reduces the time spent on human-machine interaction and improves
work efficiency. The three independent sample tracks, that is, Routine, Emergency,
and Recycle, help to distribute samples efficiently. Up to 1500 cuvettes can be
uploaded at one time. An optional auto decapping module is provided for decapping
sample tubes automatically, which reduces the need for manual intervention. Real-
time transmission of fault alarm data and communication with an online customer
service team give users peace of mind. The waste cuvette recycling function is care-
fully designed to separate the liquid to prevent biological contamination in the labo-
ratory. The analyzer can be integrated with any immune and biochemical modules.
It can also be connected with Dirui LA-60 automated sample processing system to
provide users with a centralized, intelligent and standardized laboratory automation
solution.

3.2 Consideration in Reagent Development
3.2.1 Improving the Detection Sensitivity

Immunological detection is mainly for some analytes with very low content.
Therefore, the detection sensitivity must be high enough to ensure satisfactory
detection results. For example, by optimizing the conditions for immune response,
newly emerging high-sensitivity troponins can enhance the detection sensitivity and
the analytical precision of low concentrations, thereby greatly improving the ability
to diagnose acute myocardial infarction at an early stage. In addition, high-sensitivity
C-reactive protein and high-sensitivity procalcitonin are among the widely used
items for testing in clinical practice. Studies have shown that these high-sensitivity
tests are more clinically valuable than conventional detections.

3.2.2 Applicability for Multiple Sample Types

Serum and plasma samples are the types of samples commonly used in immunoas-
say. It is better to use the same sample type for the same test package; otherwise,
two different tubes of samples will need to be collected, which affect detection
efficiency. For example, pro-gastrin-releasing peptide (ProGRP) is the best marker
for small cell lung cancer (SCLC) and the most reliable marker for lung cancer in
clinical practice. However, ProGRP can be degraded by thrombin, which makes
some companies’ products not applicable for serum samples. ProGRP can be
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redesigned to make the coated antibody and labeled antibody avoid the thrombin
cleavage site, thus ensuring good detection stability for both serum and plasma
samples.

3.2.3 Improving the Anti-Interference Ability

Immunoassay works based upon the specific recognition of antigens by antibodies.
How to prevent this specificity from interference is a permanent topic. Developing
reagents requires thoroughly examining the structure and antibody characteristics
of the markers for testing and designing appropriate reaction modes and blockers
accordingly. It is also important to consider dozens of possible interferents, includ-
ing drugs, analogues, serum endogenous substances, rheumatoid factors, and het-
erophilic antibodies. Therefore, a great deal of design and verification work is
required to improve the anti-interference ability of reagents.

3.2.4 Controlling the Inter-Run Variation of Reagents

Inter-run variation is the key to ensure the stability and controllability of reagents,
and can be controlled from three levels. From the raw material level, the physical
and chemical properties and functions of different raw materials should be analyzed
to eliminate problematic raw materials from the source. From the product design
level, DOE should be used to identify the most inclusive formula and manufacturing
process and minimize the risk of inter-run variation. From the production control
level, it is critical to control indicators and implementation measures for each criti-
cal manufacturing step to circumvent the risk of inter-run variation that may possi-
bly be introduced during the production stage.

3.2.5 Improving the System Stability

Immune response is affected by the intensity factors such as temperature and ionic
strength. Immune products mostly use a closed system. It requires a good match and
balance between the instrument and the reagent, so as to maintain good consistency
in sample loading, incubation, cleaning, shaking, and other processes. Such consis-
tency ensures that the instrument can deliver steady results across different tempera-
tures and humidities, different days, and different places.

Declaration Shuang Li and Ting Peng are employees of Shenzhen Mindray Bio-Medical
Electronics Co., Ltd.
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Automatic Enzyme Immunoassay 4
Instrument and Related Instruments

Yunqi Li, Rongbang Xia, Tao Zhao, Pengfei Lai, Nan Sun,
Weijing Yi, and Wei Hu

4.1 Overview

Enzyme-linked immunosorbent assay (hereinafter referred to as ELISA) has been
well received by numerous research institutes and enterprises due to high sensitiv-
ity, excellent specificity, easy operation, low cost, low requirements on instruments
and equipment and other characteristics, and it has been extensively used in multi-
ple detection fields like the HBVM, HIV, syphilis, prenatal and postnatal care, aller-
gen screening and SARS-CoV-2 detection. ELISA is one of the most commonly
used detection method at the moment [1-3]. The principle is to bond known antigen
or antibody to surface of solid carrier to give it immunocompetence, which can be
divided into antigen detection and antibody detection by different detection objects
[4, 5]. Antigen detection mainly includes two-site sandwich enzyme immunoassay
(Fig. 4.1) and sandwich competitive, while antibody detection mainly includes indi-
rect method, double antigen sandwich method, sandwich competitive and cap-
ture ELISA.

At the beginning of ELISA, all steps were operated manually, and it relied on
naked eyes for identification of chromogenic results. Accompanied with develop-
ment of automation technology, various supporting instruments and standard con-
sumables were introduced to the market. Over the past half century, ELISA-related
reagents and instruments have been characterized by mutual promotion and devel-
opment. Although chemiluminescence, PCR and other technologies have gone
through constant iterations in recent years, ELISA is still irreplaceable and it’s an
essential detection technique in blood bank, hospital, family planning, disease

Y. Li-R. Xia - T. Zhao - P. Lai (>4) - N. Sun
Aikang MedTech Co., Ltd., Shenzhen, Guangdong, China
e-mail: laipengfei @aikang-medical.com

W.Yi-W. Hu
Zybio, Inc., Chongging, China

© Shanghai Scientific and Technical Publishers 2023 87
H. Song, L. Dai (eds.), In Vitro Diagnostic Industry in China,
https://doi.org/10.1007/978-981-99-3110-1_4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-3110-1_4&domain=pdf
https://doi.org/10.1007/978-981-99-3110-1_4
mailto:laipengfei@aikang-medical.com

88 Y.Lietal.

Enzyme-labeled antibody
0 Antigen to be detected

) —bg—b

Ylmmobilized antibody Y Y
* Addition of substrate

for chromogen

Fig. 4.1 Diagram for principles of two-site sandwich enzyme immunoassay

control, physical examination, biological product and other organizations. ELISA-
based instruments and devices are still promising in the future. This paper analyzed
past, present and future situations of enzyme immunoassay instrument from devel-
opment stages of ELISA analyzer, development process of automatic enzyme
immunoassay instrument in China, major domestic automatic enzyme immunoas-
say instrument manufacturers and their representative products, technical develop-
ment direction of automatic enzyme immunoassay instrument, market profile of
automatic enzyme immunoassay instrument and other major aspects.

4.2 Development Stages of Enzyme
Immunoassay Instrument

The microplate reader first replaced human labor to identify the color of the reaction
result. Then it developed into the automatic enzyme immunoassay instrument which
can finish the process from original tube loading to automatic printing of result
report sheet. According to its development degree of automation, enzyme immuno-
assay instrument can be divided into three stages, and it’s moving toward the fourth
stage at the moment.

4.2.1 The First Stage

Enzyme immunoassay instrument was a microplate reader that used to identifies
concentration replace by naked eyes. The core idea is to analyze content of anti-
gen or antibody to be detected through colorimetry with a dedicated spectropho-
tometer or photoelectrometer. To be specific, the instrument can adjust light wave
emitted by light source to a single wavelength based on color of ELISA reaction
result and get it into one end of the detected object, then use transducer to detect
extent of loss of light intensity after passing the detected object, and thus calculate
absorbance. According to the Lambert—Beer law, the absorbance is in direct pro-
portion to sample concentration, and thus concentration of the detected object can
be identified.
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4.2.2 The Second Stage

ELISA analyzer developed devices of single functions and semi-automatic instru-
ments that can replace most manual operations at the second stage, such as sampler,
plate washer and integrated plate washing and plate reading. A certain proportion of
complicated manual operations in detection process like sampling and microplate
washing are replaced by instrument, but the whole ELISA process still needs man-
ual intervention or operation. Those instruments often have disadvantages of small
detection throughput and low speed, but they also have small size, great flexibility,
low price and other characteristics, which make them still extensively used in some
small medical institutions like township hospitals and health stations.

4.2.3 TheThird Stage

At the third stage, the process from original tube loading to automatic printing of
result report can all be finished by ELISA analyzer. Instruments of this stage have
integrated semi-automatic instrument modules of the first and second stage, and
built in automated liquid handling system with multiple pipetting channel, robot
arm, rail and other modules. All ELISA steps are automatically finished inside the
instrument, which significantly increased stability and consistence of detection
results as well as detection throughput. Accompanied with increase in production
capacity and reduction in production cost of different manufacturers, application of
automatic enzyme immunoassay instrument has been extended from large medical
institutions to small- and medium-sized medical institutions, which is gradually
replacing semi-automatic instrument.

4.2.4 The Fourth Stage

Accompanied with further development of automation and intellectualization, to
meet requirements of higher detection throughput and more detection items and
realize interconnectivity between devices, expansion of automation from internal
operations of a single device to total laboratory online automation of numerous dif-
ferent devices has become an inevitable trend. At present, total laboratory pipelining
that combines and schedules multiple detection devices of the same type or different
types of detection devices of laboratory has been gradually introduced to the market.

Accompanied with technological development, different instruments and mod-
ules of corresponding ELISA process have also gone through continuous iterations
during change process of different stages. For instance, sampling accuracy has been
continuously rising, while sampling channels have been constantly increasing from
1 channel to 8 channels and from one robotic arm to multiple robotic arms, micro-
plate washing channels have increased from 8 channels to 96 channels, and washing
solution can be detected and switched automatically, and the precision and linearity
range of microplate reader have been continuously improving, which both improved
precision of detection results and increased detection throughput.
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4.3 Development Journey of Automatic Enzyme
Immunoassay Instrument in China

Development and manufacturing of automatic enzyme immunoassay instrument
started relatively late in China, but they have achieved continuous development
under great efforts of developers. Some domestic automatic enzyme immunoassay
instrument are almost as good as international first-class products at the moment,
some of their performance indicators are even superior to international famous
brands, and they suit Chinese users’ use habit better in terms of operation and use.
Development of automatic enzyme immunoassay instrument in China has experi-
enced the following four stages.

4.3.1 Stage of Awareness (1978-1990)

Upon reform and opening up in 1978, domestic large hospitals started to import
automatic detection devices from European countries and the US like semi-
automatic microplate reader and semi-automatic plate washer, and laboratory oper-
ators of hospitals and blood banks used to finish ELISA laboratory detection through
manual operation in conjunction with semi-automatic devices. Domestic enterprises
couldn’t produce the analyzer on their own during this device introduction stage.

4.3.2 Stage of Independent Production (1991-2000)

Accompanied with acceleration of China’s reform and opening up, introduction of
numerous overseas equipment manufacturing techniques had been accelerated. In
1991, the first set of semi-automatic micro-plate washer system introduced by
DRAGON LABORATORY INSTRUMENTS LIMITED entered into the stage of
mass production. In 1995, AusBio Bioengineering Co., Ltd., introduced the first set
of HAMILTON automatic enzyme immunoassay instrument in China. Introduction
of those devices greatly promoted improvement in independent R&D and produc-
tion capacity of Chinese enterprises.

4.3.3 Stage of Rapid Development (2001-2015)

Domestic IVD device manufacturers started technological catching-up, who actively
occupied the markets of blood bank, Grade III, Grade II and grassroots hospitals. A
great number of excellent domestic automatic enzyme immunoassay instrument
manufacturers emerged during this stage, such as Aikang MedTech Co., Ltd.
(henceforth referred to as Aikang), Biobase Biodustry (Shandong) Co., Ltd. (hence-
forth referred to as Biobase) and Yantai Addcare Bio-Tech Limited Company
(henceforth referred to as Yantai Addcare). Product configuration, performance,
function and detection speed of automatic enzyme immunoassay instrument of
those brands are superior to imported brands, particularly Aikang’s URANUS AE
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275 automatic enzyme immunoassay instrument. The product adopts multi-cartridge
pipelined work mode, which enables circular sampling, pipelined operations, multi-
work chamber’s flexible deployment of tasks and rapid detection speed; it uses
smart sensing system and boasts of high level of automation, which can avoid errors
caused by manual interruption. Reagent and wash solution in laboratory process
under intelligent management or reagent position uses Hall principle for intelligent
identification to avoid placement of reagent added in wrong position during the
laboratory process, drawer type stacked placement of wash solution bottles can real-
ize real-time monitoring of wash solution volume, alarm will be sent automatically
in case of insufficient liquid volume and standby wash solution can be switched to
and used automatically without manual intervention; meanwhile, operating soft-
ware’s more human-oriented, and Chinese operating software and graphical wizard
operation are customized for users, which are easy to understand and operate.

4.3.4 Stage of Comprehensive Replacement of Imported
Products (2015 to Present)

At present, recognition of laboratory department of blood bank and hospital on
domestic automatic enzyme immunoassay instrument has been increased. URANUS
AE 288 High Throughput automatic enzyme immunoassay instrument and
URANUS AE 368 fully automated ELISA post-processing system introduced by
Aikang in laboratory of blood bank use partitioned management design, have
reagent distribution module, oscillator, tower type incubator, automatic plate washer
and microplate reader module, use flexible and smart robotic arms in combination
with transfer track, transfer microplate between different modules, enable multi-
task, multi-channel and parallel processing and thus realize fully automated com-
pletion of ELISA in a pipelined and efficient manner. Aforesaid products have been
recognized by blood bank clients, which broke the long-term monopoly of imported
automatic enzyme immunoassay instrument over laboratory of blood banks.
Meanwhile, the country has introduced policies that give priority to purchase of
domestic medical devices and encourage the medical industry’s preference for
domestic medical devices. In the future, domestic automatic enzyme immunoassay
instrument are expected to replace imported brands to a greater extent.

4.4 Major Domestic Automatic Enzyme Immunoassay
Instrument Manufacturers and Their
Representative Products

4.4.1 Aikang MedTech Co., Ltd.

URANUS AE series automatic enzyme immunoassay instrument manufactured by
Aikang can be mainly divided into four major categories, that is, High Throughput
automatic enzyme immunoassay instrument, integrated automatic enzyme immu-
noassay instrument, combined automatic enzyme immunoassay instrument and
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automatic enzyme immunoassay instrument post-processing system. Whereas a
new generation of high throughput automatic enzyme immunoassay instrument of
Aikang, URANUS AE 288, has integrated multiple technologies and realized multi-
task, multi-channel and parallel processing, which ensure optimal reaction process
and high throughput processing capacity. Models of high throughput automatic
enzyme immunoassay instrument also include URANUS AE 288 s, URANUS AE
188 s, URANUS AE 188 and URANUS AE 158. Integrated automatic enzyme
immunoassay instrument manufactured by Aikang through independent R&D can
provide different configurations based on different customers’ actual requirements.
Combined automatic enzyme immunoassay instrument created the design idea of
combined analyzer with multiple cartridges and multiple robotic arms, reasonably
assigned steps of ELISA to multiple cartridges for processing and pipelined opera-
tions and realized simultaneous detection of samples of multiple batches on the
instruments, which enabled operation of different projects, different batches and
different laboratory steps at the same time. Models of automatic enzyme immunoas-
say instrument Post-Processing System include URANUS AE 168, URANUS AE
268 and URANUS AE 368, which realized independent sampling and post-
processing upon sampling of ELISA on different devices, and suitable for laborato-
ries with large sample size and many items, which enabled batched and continuous
insertion of micro-plates, broke imported brands’ monopoly of automatic enzyme
immunoassay instrument.

Aikang’s automatic enzyme immunoassay instrument can realize sampling
speed of no more than 85 s for continuous sample distribution of 96-well plate, and
time for continuous reagent distribution of 96-well plate doesn’t exceed 50 s, in
terms of sampling accuracy, it can achieve sampling precision of 0.5% and below as
well as interpretation repeatability of 0.5% and below under 1000 pL gradient,
which enable laboratory process of high precision, high speed and high stability.
Meanwhile, in plate washing procedure, immersion duration and cleaning times can
be adjusted at will, which possesses high flexibility.

4.4.2 Yantai Addcare Bio-Tech Limited Company

Yantai Addcare is a domestic manufacturer engaged in R&D, production and distri-
bution of automatic enzyme immunoassay instrument, which has automatic ELISA
workstation of model ADC ELISA 1800, ADC ELISA 1100, ADC ELISA 600,
ADC ELISA 400, ADC ELISA 300 and ADC ELISA 200.

4.4.3 Biobase Biodustry (Shandong) Co., Ltd.

Main models of fully automatic ELISA workstation of Biobase include
BIOBASE1000, BIOBASE2000, BIOBASE2001, BIOBASE4000, BIOBASE4001
and BIOBASES000.
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4.4.4 JiaXing CRED Medical Instrument Co., Ltd.

Main models of automatic enzyme immunoassay instrument of JiaXing CRED
Medical Instrument Co., Ltd. (henceforth referred to as JiaXing CRED), include
HB-500E, HB-300E, HB-150E, HB-100E, HB-900E and HB-1000E.

4.4.5 Diasia Biomedical Technology Co., Ltd.

Main models of automatic enzyme immunoassay instrument of Diasia Biomedical
Technology Co., Ltd. (henceforth referred to as Diasia), include AE1100, AE1100A,
AES800, AESO0A and AE600.

4.5 Technological Development Direction of Automatic
Enzyme Immunoassay Instrument

Benefited from the country’s vigorous expansion of medical device-related policies
and improvement of supporting industry chain, domestic automatic enzyme immu-
noassay instrument manufacturers have actively improved core technological com-
petence, made continuous product innovation and upgrade and broken several
technical barriers of manufacturers of imported brands, which allowed the fully
automated ELISA industry to experience rapid development. It can be learned from
domestic patents search of automatic enzyme immunoassay instrument, China
boasts of continuous active patent applications in such area, increase momentum of
applications and gradual increase in enterprises’ innovation awareness. According
to incomplete statistics, the number of automatic enzyme immunoassay instrument-
related patent applications was less than 10 in China before 2003, then, the number
of patent applications increased to 12.5 per year on average between 2003 and 2010,
domestic enterprises already started technical R&D and deployment in such field,
and a few excellent enterprises received approval for marketing of fully automated
ELISA analyzer, from 2011 to 2017, China moved on to the stage of rapid growth
in patent application, and domestic enterprises continuously optimized their core
technologies continuously, number of patent applications reached the peak in 2017,
which was 62 for the whole year; number of patent applications reduced in 2018
and 2019, but it’s still at the stage of active development with number remained
above 40, number of applications reduced to 23 and 8 in 2020 and 2021, respec-
tively, which indicated that related technologies have basically become mature
(Fig. 4.2).

Aikang already started technical research on automatic enzyme immunoassay
instrument in 2005, which allowed the company to become a relatively early entrant
in the field. Aikang’s URANUS AE series products received approval for marketing
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Fig.4.2 Tendency diagram of number of automatic enzyme immunoassay instrument related pat-
ent applications in China

in 2006. Yantai Addcare started patent portfolios of ELISA workstation in 2007, and
its pipelined fully automated ELISA workstation received approval for marketing in
the same year. A bunch of excellent device manufacturers like Biobase, Diasia and
JiaXing CRED also made deployment in the field and carried out technical studies,
development and innovations in recent years, which further enriched automatic
enzyme immunoassay instrument and offered users more choices.

It can be learned from analysis on automatic enzyme immunoassay instrument-
related patent applications released in the 3 years from 2018 to 2021 that techni-
cal studies on it in recent years mainly focused on performance improvement of
incubation temperature control technique, optical detection technique, sampling
control technique, transfer control technique and other core modules, integration
of fluorescence and chemiluminescence analysis function modules and other
aspects. It can be seen that automatic enzyme immunoassay instrument will
move toward directions of further improvement of performance, strengthening of
degree of detection automation, extension of functional modules and automatic
laboratory pipeline.
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4.6  Market Situation of Automatic Enzyme
Immunoassay Instrument

4.6.1 Market Size of Automatic Enzyme Immunoassay
Instrument in China Between 2016 and 2027

According to network data, the market size of China’s automatic enzyme immuno-
assay instrument was USD 30.69 million (approx. RMB 0.198 billion), it dropped a
little bit to USD 29.02 million due to the outbreak of COVID-19. Market recovery
is expected to be optimistic in 2022, which will reach USD 29.32 million. The hos-
pital market is forecasted to pay more attention to automatic instruments, increase
procurement and replace a certain proportion of microplate reader, and market size
of China’s automatic enzyme immunoassay instrument is expected to reach USD
30.97 million by 2026 (Fig. 4.3). According to network data of China’s immunoas-
say devices in 2021, total amount of bid winning was around RMB 0.243 billion,
which revealed the continued optimistic momentum of China’s automatic enzyme
immunoassay instrument market.

4.6.2 Market Shares of Segmented Application Scenario
of Automatic Enzyme Immunoassay Instrument in China

Application scenario of China’s automatic enzyme immunoassay instrument mainly
includes hospitals, blood banks and other scientific research institutes. At present, in
the field of hospitals, automatic enzyme immunoassay instrument can provide
HBsAg, anti-HBs, HBeAg, anti-HBe, anti-HBc and anti-HBcIgM detection,
HBsAg, anti-HCV, anti-HIV and TP detection, CMV, HSV, TOX, RV and TP detec-
tion as well as carcinoembryonic antigen and prenatal screening, and they can

market size trend of automatic enzyme immunoassay instrument(USD 1 million)
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Fig. 4.3 Diagram of market size trend of automatic enzyme immunoassay instrument between
2016 and 2026 (data source: research on network data collation)
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provide substantial detection items. Since grade-A tertiary hospitals normally have
relatively large number of ELISA items and relatively large detection quantity, high
throughput automatic enzyme immunoassay instrument that can handle multiple
items at the same time are more suitable. Small hospitals boast of relatively large
number of detection items and less detection quantity of each item, and detection of
multiple items can often be conducted on the same microplate, based on this char-
acteristic, highly integrated small automatic enzyme immunoassay instrument are
comparatively more suitable. Blood banks use automatic enzyme immunoassay
instrument for detection of blood collected, and the main detection items are infec-
tious disease markers (HIV, HBV, HBsAg, HCV, TP, ALT, etc.), since blood banks
have large sample size to be detected and relatively fixed detection items, high
throughput automatic enzyme immunoassay instrument that can detect all items at
the same time are more suitable.

According to a study conducted by network data, hospitals had the largest market
share, about 78%, in China’s automatic enzyme immunoassay instrument applica-
tion scenario in 2020; followed by blood banks, which occupied the market share of
about 15%. The market share of hospitals and blood bank is expected to remain
relatively stable till 2027. Hence, it can be seen that the hospital market dominated
the segmented application scenarios of automatic enzyme immunoassay instrument.
Accompanied with hierarchical medical system’s promotion of medical resources
in lower tier cities, market demands of Grade II hospitals and township hospitals
have become the new incremental of the automatic enzyme immunoassay instru-
ment market. In case of domestic automatic enzyme immunoassay instrument man-
ufacturers, they shall stay close to users’ requirements in different application
scenarios and create diversified products to provide comprehensive clinical detec-
tion solutions, which allow them to develop competitive advantages and create the
greatest value for users.

4.6.3 DevelopmentTrend of Market of Automatic Enzyme
Immunoassay Instrument Industry

Under the circumstance of continuous introduction of emerging detection tech-
niques, ELISA will still be one of the mainstream detection techniques used in clini-
cal laboratories of hospitals, blood banks, China Entry-Exit Inspection and
Quarantine, Physical Examination Centers, Third Party Inspection Agencies and
biological product companies, and domestic automatic enzyme immunoassay
instrument still have relatively great development potentials.

At present, the recognition of laboratory departments of blood banks and hospi-
tals has gradually been increasing due to relatively strong price advantage of domes-
tic automatic enzyme immunoassay instrument in comparison with imported
products as well as domestic manufacturers’ continuous research and development.
Taking High Throughput automatic enzyme immunoassay instrument and auto-
matic enzyme immunoassay instrument post-processing system introduced by
Aikang for laboratories of blood banks as examples, they have realized full
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automation of ELISA pipeline. Its products have been recognized by blood bank
clients and broken the long-term monopoly of automatic enzyme immunoassay
instrument of imported brands in laboratories of blood banks. Meanwhile, promul-
gation of hierarchical medical system policies and policies encourage hospitals’
procurement of domestic medical devices will accelerate the replacement of
imported instruments with domestic automatic enzyme immunoassay instrument.

Look into the future, accompanied with scientific and technological progress and
particularly continuous development of biology, clinical medicine and materials sci-
ence, interactive cooperation between different disciplines has become increasingly
tight, users’ requirements on performance of automatic enzyme immunoassay
instrument have been constantly increasing as well, automatic enzyme immunoas-
say instrument have shown tendency toward fully automated detection in intellectu-
alization and informatization of laboratories, and the field has extended outward to
integrate sample processing system, sample transfer track and other laboratory
devices through continuous technological innovation, functional expansion and per-
formance improvement, which allow it to be total laboratory automation system.

Accompanied with development of national economy and improvement of peo-
ple’s livelihood, continuous deepening of urbanization and increasingly intensified
population aging, reliance on fully automated instruments for medical diagnosis
and treatment has been increasing, and the market size of IVD medical devices has
been growing on a yearly basis. Despite the trend of CLIA’s replacement of ELISA
in the international market, China’s immunologic diagnosis market is still charac-
terized by co-existence of CLIA and ELISA. Besides, since ELISA boasts of more
mature technology and relatively large cost advantage, market demand for ELISA is
greater. In addition, accompanied with continuous deepening of China’s healthcare
reform, centralized procurement has been gradually implemented in the field of
high value medical consumables, and concentration ratio of the industry will be
gradually revealed. Domestic automatic enzyme immunoassay instrument manu-
factures shall seize the opportunity, give full play to their strengths in low cost and
high acquaintance with domestic market, make plan and deployment in advance,
stick to users’ requirements, increase innovation inputs, facilitate new breakthroughs
in quality and performance of automatic enzyme immunoassay instrument, promote
greater diversity in product types and functions, meet constantly developing product
requirements and offer more advanced products and better services for immuno-
logic diagnosis.

Declaration Yunqi Li, Rongbang Xia, Tao Zhao and Pengfei Lai are employees of Aikang
MedTech Co., Ltd.
Weijing Yi and Wei Hu are employees of Zybio Inc. (Nan Sun has resigned).
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Autoimmune Diagnostics

Haifeng Jin, Yanchun Guo, Tianshi Wang, Qiuping Yu,
Xuexin Deng, and Mu Wang

5.1 Overview of Autoimmune Diseases
5.1.1 The Concept of Autoimmunity

Autoimmunity refers to the destruction of the body’s immune tolerance mechanism
under the action of internal and external factors. On the one hand, the autoimmune
B cells in the circulation increase in large quantities, and on the other hand, the self-
reactive helper T lymphocytes promote the destruction of the self-tolerance of B
lymphocytes. As a result, the immune system responds to its own components, pro-
ducing antibodies against the self-components (auto-antibodies) and/or sensitized
lymphocytes [1, 2].

5.1.2 Autoimmune Diseases

Autoimmune diseases (AIDs) generally refer to a large class of diseases when
immune effector cells (cytotoxic T lymphocytes, natural killer cells, macrophages,
etc.) or immune effector molecules (complement, antibodies, cytokines, etc.) pro-
duce pathological immune responses against self-tissue or cells, resulting in self-
tissue damage. There are many AID classification methods, but they have not yet
been unified. It can be divided into systemic autoimmune diseases and
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organ-specific autoimmune diseases according to the system involved. Systemic
autoimmune diseases mainly include systemic lupus erythematosus, primary
Sjogren syndrome, and systemic vasculitis. Organ-specific autoimmune diseases
mainly include nervous system immune diseases, endocrine system diseases, diges-
tive system diseases, and urinary system diseases disease.

5.1.2.1 Connective Tissue Disease

Connective tissue disease refers to a group of autoimmune diseases of pan-systemic
rheumatic diseases, including systemic lupus erythematosus, primary Sjogren syn-
drome (pSS), systemic sclerosis (SSc), polymyositis/dermatomyositis, antiphos-
pholipid syndrome, rheumatoid arthritis, ankylosing spondylitis, and vasculitis.

Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease character-
ized by the involvement of multiple systems and organs, repeated relapses and
remissions, and the presence of a large number of auto-antibodies in the body. The
etiology of SLE is complex and is related to various factors such as genetics, sex
hormones, and the environment (such as viral and bacterial infections). At present,
the global prevalence of SLE is 0 to 241 per 100,000, and the prevalence of SLE is
about 30 to 70 per 100,000 in China, with a male-female prevalence ratio of 1:10-12.
With the continuous improvement of diagnosis and treatment, the survival rate of
SLE patients has been greatly improved [3, 4].

Primary Sjogren Syndrome

Primary Sjogren syndrome (pSS) is a systemic autoimmune disease that causes dys-
function of the secretory glands, which results in dry surfaces of mucous mem-
branes such as the mouth, eyes, nose, pharynx, larynx, and vagina. The etiology is
unknown and may be related to genetic and environmental factors, affecting mainly
middle-aged women, but can also affect children, men, and the elderly.

Systemic Sclerosis

Systemic sclerosis (SSc) is a rare autoimmune disease characterized by fibrosis of
the skin and internal organs and microvascular lesions. SSc can be mainly divided
into limited skin type (limited cutaneous SSc) and diffuse skin type (diffuse cutane-
ous SSc), in addition to scleroderma without skin sclerosis (sine scleroderma) and
overlap syndrome (overlap syndrome). The prevalence of SSc is 1 per 10,000 in the
world, and it is more common in women. At present, there is no relevant data on the
incidence of this disease in China. Its clinical manifestations are complex and
diverse, and the prognosis of patients with visceral involvement is biased. The etiol-
ogy of SSc is complex, and it is currently believed that environmental, genetic sus-
ceptibility, and epigenetic factors are involved.

Rheumatoid Arthritis
Rheumatoid arthritis (RA) is a chronic, systemic inflammatory disease. The inci-
dence rate of adults is 0.5 to 1% in the United States, and the incidence rate is 0.42%
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in China [5]. It is more common in women and can occur at any age. The peak
incidence is between 50 and 60 years old. Patients with the disease mainly present
with symmetrical pain and swelling of the hands, wrists, feet, and knees (polyarthri-
tis); other joints may also be affected, patients may also have monoarthritis or
microarthritis, and some patients may show other organs symptom.

5.1.2.2 Nervous System Immune Diseases

Nervous system immune disease refers to a group of diseases that attack the nervous
system by autoimmune cells and immune molecules, resulting in pathological
changes such as damage to neurons or axons, demyelination, and destruction of
nerve-muscle joints, and corresponding clinical symptoms. Nervous system immune
diseases mainly include autoimmune encephalitis, neuromyelitis optica spectrum
diseases, multiple sclerosis, paraneoplastic syndrome, myasthenia gravis, and
Guillain-Barre syndrome (GBS).

Autoimmune Encephalitis

Autoimmune encephalitis (AE) generally refers to a type of encephalitis mediated
by autoimmune mechanisms. In classic paraneoplastic limbic encephalitis, its target
antigens are located in neuronal cells; while in the new AE represented by anti-
NMDAR encephalitis, its pathogenic antibodies are mainly directed against neuro-
nal cell surface proteins and receptors. At present, the incidence of encephalitis is
5-8 per 100,000, and the prevalence of AE accounts for 10-20% of encephalitis
cases [6].

Neuromyelitis Optica Spectrum Disorders

Neuromyelitis optica spectrum disorders (NMOSD) is an immune-mediated inflam-
matory demyelinating disease of the central nervous system mainly involving the
optic nerve and spinal cord. Clinically, it is characterized by severe optic neuritis
and longitudinally extending long-segment transverse myelitis. It usually begins in
young adults, and most of them are women. The recurrence rate and disability rate
are high. The international incidence of NMOSD is 1-5 per 100,000 people. There
is no accurate epidemiological data of NMOSD in China, but relevant reports indi-
cate that non-white people are more susceptible.

Multiple Sclerosis

Multiple sclerosis (MS) is an autoimmune-mediated neurodegenerative disease
characterized by inflammatory demyelination and axonal transection of the central
nervous system. The global incidence of multiple sclerosis is 5-300 per 100,000,
and it increases in high latitudes. Most of the patients with MS are young (the aver-
age age of onset is 20-30 years old), and there are more women than men with a
ratio of nearly 3:1.

Paraneoplastic Neurological Syndrome
Paraneoplastic neurological syndrome (PNS) is a group of clinical symptoms
caused by the nerve or/and muscular system affected by tumors or their products
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(including the production of ectopic hormones) leading to abnormal immune
responses (including cross-immunity, autoimmunity, and immune complex deposi-
tion) or other unknown reasons, causing lesions in the endocrine, nerve, digestive,
hematopoietic, bone and joint, skin, and other systems. Overt clinical symptoms of
paraneoplastic syndromes can occur before, after, or at the same time as the onset of
the tumor.

Myasthenia Gravis

Myasthenia gravis (MG) is an acquired autoimmune disease mediated by acetylcho-
line receptor (AchR-Ab) antibody, cellular immunity dependent, complement partici-
pated, postsynaptic membrane of neuromuscular junction involved, causing impaired
junctional transmission, and characterized by weak skeletal muscle contractions. The
annual incidence of the disease is 8—20 per 100,000 people. It can occur at any age.
Before the age of 40, the incidence of women is higher than that of men, and the inci-
dence of men and women between the ages of 40 and 50 is not much different. After
the age of 50, the incidence of men is slightly higher than that of women.

Guillain-Barre Syndrome

Guillain-Barre syndrome (GBS) is an inflammatory disease involving the peripheral
nervous system and is the most common cause of acute flaccid paralysis. The global
incidence is about 1-2 per 100,000 person-years. All age groups can be affected,
males are more common than females, and the incidence increases with age. The
clinical symptoms of GBS disease vary widely, generally manifesting as weakness
and sensory signs in the legs, progressing to the arms and cranial muscles.

5.1.2.3 Endocrine System Diseases

Autoimmune endocrine diseases refer to a class of diseases that cause multiple
endocrine gland dysfunction due to loss of immune tolerance and manifest different
clinical symptoms, mainly including Hashimoto’s thyroiditis (HT) and type I
diabetes.

Hashimoto'’s Thyroiditis

Hashimoto’s thyroiditis (HT) is the most common thyroid autoimmune disease. The
global annual incidence of Hashimoto’s thyroiditis is estimated to be 0.3—1.5 per
1000 people. Decreased autoimmune tolerance of the thyroid is the main pathogen-
esis. After being stimulated, such as iodine intake, the immune cells that are origi-
nally tolerant to the thyroid are activated and lose their tolerance, causing leukocytes
to infiltrate tissues and promote autoimmunity response development.

Type 1 Diabetes Mellitus

Type 1 diabetes mellitus (TIDM) is a chronic autoimmune disease with clinical
manifestations of insulin deficiency and the resulting persistent hyperglycemia.
Globally, the incidence of type 1 diabetes is increasing year by year, with an annual
increase of about 2 to 3%. From 2001 to 2015, the annual incidence rate of people
under the age of 65 was 22.9 per 100,000.
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5.1.2.4 Digestive System Diseases

Immune-mediated digestive disorders involve all digestive organs from the mouth
to the anus. The liver, gallbladder, and pancreas can all be affected. Common dis-
eases include autoimmune gastritis, inflammatory bowel disease, coeliac disease,
and autoimmune liver disease.

Autoimmune Gastritis

Autoimmune gastritis (AIG) is an immune-mediated organ-specific disease. The
abnormal immune response leads to destruction of gastric parietal cells, loss of
internal factors and decrease of gastric acid output, thus reducing the absorption of
iron, vitamin B12 and other micronutrients. The incidence rate in Asia is lower than
that in Europe and the United States.

Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) is an idiopathic disease that is caused by genetic
vulnerable sex and external environment, such as dietary changes and antibiotic use.
Incidence rate can be affected in all regions of the world, with an upward trend.
Other studies have shown that ulcerative colitis and Crohn’s disease (CD) are two
major types of IBDs, affecting approximately the world’s 0.3% population.

Celiac Disease

Celiac disease is one of the most common food-related chronic diseases, with a
global prevalence of 1.4%. Patients with coeliac disease may have gastrointestinal
and other symptoms of varying severity, such as diarrhea, abdominal pain, ane-
mia, and osteoporosis, but some may be asymptomatic. The pathogenesis of this
disease is due to the ingestion of wheat, rye, and barley gluten proteins that cause
villous atrophy, crypt hyperplasia, and intraepithelial lymphocytosis in the small
1ntestine.

Autoimmune Liver Diseases

Autoimmune liver diseases (AILD) are a group of diseases with unknown etiology,
liver tissue damage, and abnormal liver function caused by abnormal autoimmunity.
Autoimmune liver diseases mainly include autoimmune hepatitis, primary biliary
cholangitis, primary sclerosing cholangitis, and overlap syndrome. Autoimmune
hepatitis (AIH) is a type of chronic hepatitis, which needs to be differentiated from
chronic viral hepatitis, drug-induced and alcohol-induced hepatitis, and idiopathic
chronic hepatitis. AIH can occur in all races worldwide, affecting children and
adults of all ages, with a predominance of women. Primary biliary cholangitis
(PBC) is the most common autoimmune liver disease, a lifelong disease, histologi-
cally manifested as chronic immune damage to small bile ducts. Primary sclerosing
cholangitis is a rare chronic cholestatic liver disease characterized by strictures of
the intrahepatic or extrahepatic bile ducts, or both, with bile duct fibrosis. Overlap
syndrome is the most common combination of autoimmune hepatitis and primary
biliary cholangitis. Patients having clinical manifestations of both diseases need to
be differentiated clinically.
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5.1.2.5 Hematological Diseases

Hematological diseases mainly include autoimmune hemolytic anemia, idiopathic
thrombocytopenic purpura. Autoimmune hemolytic anemia (AIHA) is a relatively
uncommon disease caused by anti-erythrocyte auto-antibodies. Immune thrombo-
cytopenic purpura is an autoimmune disorder characterized by low platelet counts
and mucocutaneous bleeding. The estimated incidence is 10 per 100,000 person-
years, with about half of these occurring in children and about twice as high in
women as in men.

5.1.2.6 Urinary System Diseases

The main causes of kidney damage in autoimmune diseases are auto-antibodies
directed against intrinsic glomerular antigens (e.g., occur in membranous nephropathy
and anti-glomerular basement membrane nephropathy) or nonspecific antibody depo-
sition in the glomeruli (e.g., as neutrophil cytoplasmic antibody (ANCA) associated
glomerulonephritis, C3 glomerulopathy and immunoglobulin A [IgA] nephropathy].

5.1.3 Antibody Markers for Autoimmune Diseases

As well-known effector molecules, the role of auto-antibodies in the pathogenesis
of autoimmune diseases has become one of the main directions of research, although
some auto-antibodies may not have pathogenic effects (such as natural auto-
antibodies, tissue damage-producing auto-antibodies), or the pathogenesis is
unclear. No matter auto-antibodies are pathogenic or not, it cannot be denied that
auto-antibodies have important clinical significance, either as diagnostic tools, as
indicators of disease activity monitoring, or both.

5.1.3.1 Auto-Antibodies Associated with Connective Tissue Diseases

There are many types of auto-antibodies in SLE, and the most widely used is anti-
nuclear antibody (ANA). In SLE patients, the positive rate of ANA is as high as
90%. SLE-related antibodies mainly include anti-dsDNA antibodies, anti-Sm
(Smith) antibodies, anti-UI-RNP (U1l ribonucleoprotein) antibodies, anti-
nucleosome antibodies, anti-ribosomal P protein antibodies, anti-histone antibod-
ies, anti-SSB/La antibody, and anti-SSA/Ro antibody. Anti-dsDNA is a characteristic
antibody of SLE, and its positive value is highly suggestive of the occurrence of
systemic lupus erythematosus. Anti-U1-RNP (U1 ribonucleoprotein) antibody is
generally a marker antibody for mixed connective tissue disease. Its positive rate is
as high as 100%, and it is also a sign of clinical detection of SLE. Anti-nucleosome
antibody is one of the early clinical detection indicators of SLE, earlier than anti-
histone antibody and anti-dsDNA antibody. Anti-ribosomal P protein antibody is
one of the clinical detection indicators of SLE. It is a highly specific index, which is
closely related to the damage of SLE disease in the nervous system; anti-histone
antibody is an important clinical detection index in SLE. The detection rate of anti-
SSB/La antibody in SLE is about 10—15%. It has been confirmed by research that it
is mainly related to hair loss, cheek erythema and serositis. It has high sensitivity in
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clinical detection, but low specificity. Anti-SSA/Ro antibody, mainly divided into
anti-Ro52 and anti-Ro60, has a detection rate of about 40% in SLE. It mainly affects
the formation of immune complexes of patients and has certain correlation with the
inflammatory process of active lupus.

The biological markers of primary Sjogren syndrome (pSS) mainly include anti-
SSA/SSB antibodies and anti-muscarinic receptor 3 (M3R) antibodies. The applica-
tion of anti-SSA/SSB antibody in the clinical diagnosis and treatment monitoring of
pSS is related to the occurrence and development of pSS and serious complications,
and is included in the diagnosis and treatment guidelines of pSS, which has impor-
tant clinical value. In recent years, it has been found that anti-M3R antibody plays
a great role in the diagnosis and assessment of the severity of pSS and treatment.
However, it has not been used in clinical practice.

Antinuclear antibodies in the blood of patients with systemic sclerosis (SSc) are
above 95%. Among them, anti-topoisomerase I antibody (Scl-70) and anti-centromere
antibody are classical antinuclear antibodies found in SSc. In recent years, more
autoantigens have been discovered, including RNA polymerase III, fibrin, NOR90,
Th/To, PM-Scl, Ku, and platelet-derived growth factor receptor (PDGFR). SSc-
related auto-antibodies are associated with different disease subtypes, disease sever-
ity, including skin involvement, visceral manifestations, and prognosis.

In the myositis, auto-antibody spectrum, anti-Jo-1 antibody, anti-PL-7 antibody,
anti-PL-12 antibody, and anti-Mi-2 antibody are highly sensitive and specific. The
combined detection of multiple myositis-specific auto-antibodies significantly
increases the sensitivity and helps to improve the diagnostic rate of PM and derma-
tomyositis patients.

Antiphospholipid antibody (aPL) is a general term for a group of auto-antibodies
targeting phospholipids and/or phospholipid-binding proteins. Among them, lupus
anticoagulant (LA), anticardiolipin antibody (aCL) and anti-2-glycoprotein I anti-
body (anti-B2GP1) are laboratory indicators in the classification criteria of antiphos-
pholipid syndrome (APS). aPL plays a key pathogenic role in the development of
APS. aPL positivity with systemic autoimmune disease is a risk factor for future
thrombotic events.

The two most common auto-antibodies of patients with rheumatoid arthritis
(RA) are rheumatoid factor (RF) and anti-cyclic citrulline polypeptide antibody
(CCP). RF directly targets the Fc part of IgG. 70-80% RA patient’s RF is positive.
RF may also be positive in patients with SLE, pSS, or systemic infection, and in
approximately 10% healthy people. The sensitivity of RF in RA is 80% and speci-
ficity is 85%. High concentration RF is associated with disease activity. The sensi-
tivity of anti-CCP antibodies in RA is 67%, the specificity is 95%, and the anti-CCP
antibodies are associated with radiographic progression.

The pathogenesis of vasculitis is a complex and multi-factor process.
Antineutrophil cytoplasmic antibody (ANCA), B lymphocyte, T lymphocyte,
monocyte, endothelial cell, and complement replacement pathway play an impor-
tant role in this process. The two most common auto-antibodies of ANCA are anti-
myeloperoxidase antibody (MPO-ANCA) and anti-protease 3 antibody
(PR3-ANCA).
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5.1.3.2 Nervous System Disease Auto-Antibodies
Autoimmune encephalitis antibodies are divided into two categories: anti-intracellular
antigen antibodies and anti-cell surface antigen antibodies (Table 5.1) [7].

Table 5.1 Anti-neuronal antibodies associated with autoimmune encephalitis

Encephalitic Proportion | Main tumor
Classification | Antigen Antigen location | syndrome of tumors type
Anti- Hu Neuron nucleus | Limbic >95% Small cell
intracellular encephalitis lung cancer
antigen Ma2 Neuron Limbic >95% Seminiferous
antibody nucleolus encephalitis cell
carcinoma
GAD Neuronal Limbic 25% Thymoma,
cytoplasm encephalitis small cell
lung cancer
Ampbhoteric | Neuronal Limbic 46-79% Small cell
protein cytoplasm encephalitis lung cancer,
breast cancer
CV2 Oligodendrocyte | Limbic 86.5% Small cell
membrane encephalitis lung cancer,
thymoma
Anti-cell NMDA Neuron cell Anti-NMDA Varies by Ovarian
surface receptors membrane receptor gender and | teratoma
antigen encephalitis age
antibody AMPAR Neuron cell Limbic 65% Thymoma,
membrane encephalitis small cell
lung cancer
GABAgR Neuron cell Limbic 50% Small cell
membrane encephalitis lung cancer
LGI1 Neuron cell Limbic 5-10% Thymoma
membrane encephalitis
CASPR2 Neuron cell Morvan syndrome, | 20-50% Thymoma
membrane limbic encephalitis
DPPX Neuron cell Encephalitis, often | <10% Lymphoma
membrane with diarrhea
IgLONS Neuron cell Encephalopathy 0% -
membrane with sleep
disturbance
GlyR Neuron cell progressive <10% Thymoma
membrane encephalomyelitis
with rigidity and
myoclonus
(PERM)
GABA,R Neuron cell Encephalitis <5% Thymoma
membrane
mGIuRS Neuron cell Encephalitis 70% Hodgkin
membrane lymphoma
D2R Neuron cell Basal ganglia 0% -
membrane encephalitis
Synapsin-3a | Neuron cell Encephalitis - -
membrane
MOG Oligodendrocyte | acute disseminated | 0% 0%
membrane encephalomyelitis
(ADEM), etc.
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The specific diagnostic biomarker for neuromyelitis optica spectrum disease
(NMOSD) is aquaporin —4 antibody (AQP4-IgG). With the continuous progress of
clinical and basic research, the oligodendrocyte glycoprotein antibody (MOG-IgG),
aquaporin-1 antibody (AQP1-IgG), and glial fibrillary acidic protein antibody
(GFAP-IgG) play an important role in the pathogenesis of NMOSD.

In myasthenia gravis (MG), antibodies against the muscle acetylcholine
receptor (AChR) are detected in the majority of patients (85%), while antibodies
against muscle-specific kinase (MuSK) are detected in 6% of patients. In 10% of
MG patients, no auto-antibodies are found in the classic AChR and muskox anti-
body diagnosis (seronegative MG, SN-MG). Therefore, it is imperative to
improve the known auto-antibody detection methods or discover new antigen
targets.

5.1.3.3 Auto-Antibodies for Endocrine System Diseases

Autoimmune thyroid disease (AITD) is usually accompanied by anti-thyroid per-
oxidase (TPO), anti-thyroglobulin (TG), and anti-thyroid hormone receptor (TSHR)
antibodies. Anti-TPO antibodies have been detected in 90-95% AITD patients, 80%
Graves’ disease(GD), and 10-15% non-AITD patients.

Anti-TPO antibodies may exert cytotoxic effects on thyroid cells in Hashimoto’s
thyroiditis (HT), but have not been determined in GDs. Anti-TPO antibodies can
cross the placental barrier to some extent, but the effects on newborns are unknown.
The positive rate of anti-TG antibody is 60-80% in HT patients and 50-60% in GD
patients. Anti-TSHR antibodies are present in approximately 90% of patients with
GD, 0-20% of patients with HT, and 10-75% of patients with atrophic
thyroiditis.

The diagnosis and prediction of type 1 diabetes mellitus (T1DM) depend entirely
on the determination of islet cell-related auto-antibodies. The titer of anti-glutamic
acid decarboxylase antibody (GADA) usually reaches a peak at the age of 2 years,
and then the positive rate and titer decrease along with the progress of the disease.
However, it still exists for a long time in the adult, which can maintain good sensi-
tivity (60-80%). GADA has become one of the diagnostic indicators for latent auto-
immune diabetes in adults (LADA). Anti-insulin auto-antibodies (IAA) are the most
important islet autoantigens in TIDM. [AA is usually the earliest antibody being
detected with a peak titer at 2 years of age, and then the titer and positive rate
decrease with age. The rate is very low, so it has limited diagnostic value for older
TIDM. Anti-protein tyrosine phosphatase antibody (IA-2A) and its homolog
IA-2Bare both neuroendocrine molecules, members of the protein tyrosine phospha-
tase family, involved in the regulation of insulin secretion, and IA-2A drops before
the diagnosis of TIDM. The degree of IA-2A increased gradually, and the positive
rate of IA-2A in newly diagnosed TIDM patients is 60-80%. Zinc transporter-8
(ZnTY) is a specific Zn** transporter in islet D cells, which is only expressed in
isletBcells. The positive rate of ZnT8 antibody increases with age at the age of
>2 years, and the stability is high. The specificity of diagnosing TIDM in different
age groups is basically similar, so ZnT8A is more valuable for diagnosing older
T1DM patients.
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5.1.3.4 Auto-Antibodies to Digestive System Diseases

Autoimmune gastritis (AIG) serological biomarkers include parietal cell anti-
body and intrinsic factor antibody. Gastric parietal cell antibody exists in 85-90%
of patients with pernicious anemia. The serum positive rate of intrinsic factor
antibody is lower than that of parietal cell antibody (about 60%), but the specific-
ity of intrinsic factor antibody is higher. The level of parietal cell antibody and
intrinsic factor antibody is significantly related to the atrophy degree of gastro-
acid mucosa.

Inflammatory bowel disease (IBD) often includes ulcerative colitis (UC) and
Crohn’s disease (CD). The most commonly studied serological marker in IBD are
anti-Saccharomyces cerevisiae antibody (ASCA) and anti-neutrophil cytoplasmic
antibody (ANCA). ASCA occurs in 45-60% of CD patients and can reach 15% in
UC. If ASCA and PAB are positive, and ANCA or GAB is negative, it indicates that
CD is more likely to occur than UC.

Celiac disease-related antibodies mainly include human anti-tissue transgluta-
minase antibody (tTG) type IgA, endomysium antibody type [gA, and deaminated
gliadin antibody types IgA and IgG. These serological antibody tests are becom-
ing increasingly important in the diagnosis of coeliac disease. The sensitivity and
specificity of endomysial antibodies reach 90%. Some studies have also found
that the sensitivity and specificity of anti-tTG antibodies can reach 90%. About
50-75% of autoimmune hepatitis (AIH) patients in autoimmune liver disease
(AILD) are positive for ANA antibody; anti-smooth muscle antibody (SMA) is
not specific and can be used to identify and diagnose early AIH patients. The anti-
liver and kidney microsomal (LKM) antibody helps to diagnose AIH2-type
patients. It is not specific for AIH. The anti-soluble liver antigen/hepatopancreatic
antigen (SLA/LP) antibody is specific for AIH. Ninety percent of patients with
primary biliary cirrhosis (PBC) have positive anti-mitochondrial antibody. ANA
and anti-sp100 antibodies may assist in the diagnosis of AMA-negative patients.
Anti-sp100 antibodies can be detected in 20% patients with primary biliary cir-
rhosis, and anti-gp210 and/or anti-Lamin-B receptor antibodies can be detected in
30-50% AMA negative patients.

5.1.3.5 Auto-Antibodies for Urinary System Diseases

For decades, clinical studies have found that there are specific auto-antibodies
in the serum of most patients with autoimmune nephropathy. Lupus nephritis is
related to anti-Clq antibody, antinuclear antibody, and double-stranded DNA
antibody. Primary necrotic crescentic glomerulus (NCGN) is associated with
anti-myeloperoxidase antibodies. Nephritis induced by granulomatous vasculi-
tis (GPA) is related to anti-protease 3 antibody. GBM is associated with pulmo-
nary hemorrhage-nephritis syndrome. Membranous nephropathy is closely
related to antiphospholipase A 2 receptor antibody (PLA2R). Specific auto-anti-
bodies are an important part of the diagnostic criteria for autoimmune
nephropathy.
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5.1.4 Diagnosis of Autoimmune Diseases

The incidence of autoimmune diseases is increasing year by year, and it varies with
regions and ethnic groups. It is more common in women. The disease course is
longer and the disease is prolonged and repeated. The severity of the disease is par-
allel to the autoimmune response. It is easy to suffer from immunodeficiency dis-
eases or malignant tumors. High-titer auto-antibodies and/or sensitized lymphocytes
reacting with self-tissue components can be detected in blood. The pathological
characteristics of tissues and organs are immune inflammation, and the damage
scope corresponds to the distribution of antigens targeted by auto-antibodies or sen-
sitized lymphocytes. Overlapping phenomenon: A patient can suffer from more
than one autoimmune disease at the same time. The serological overlapping phe-
nomenon is more common in some autoimmune diseases.

The development of diagnostic criteria for autoimmune diseases has undergone
a long process and has been updated with the development of clinical and basic sci-
ence. The general principles include clinical symptoms and signs, routine labora-
tory tests, functional tests of tissues and organs, and special immunological tests.

Taking SLE as an example, SLE is a systemic autoimmune disease. The main clini-
cal features are as follows: systemic multi-system multi-organ involvement, repeated
recurrence and remission, and a large number of auto-antibodies in the body. European
League Against Rheumatism (EULAR), British Society of Rheumatology (BSR), Pan
American League Against Rheumatism (PANLAR), and other influential academic
organizations and institutions in the world have formulated their own SLE diagnosis
and treatment guidelines. The Rheumatology Branch of the Chinese Medical
Association published the Guidelines for Diagnosis and Treatment of SLE in 2010. In
view of the continuous emergence of new diagnosis and treatment research results and
new treatment drugs, the guideline formulation concept, methods, and technologies
have also been developed and updated. The Rheumatology Branch of the Medical
Association, the National Clinical Research Center for Skin and Immune Diseases,
and CSTAR have formulated the “2020 China Systemic Lupus Erythematosus” based
on the latest research evidence and the clinical practice in China. It is recommended
to use the SLE classification criteria developed by the International Lupus Research
Clinical Collaborative Group (SLICC) in 2012 or the EULAR/ACR in 2019 to diag-
nose suspected SLE. The sensitivity of the SLE classification standards of EULAR/
ACR in 2019, SLICC in 2012, and 1997 is 96, 97, and 83%, respectively, and the
specificity is 93, 84, and 93%, respectively. The sensitivity and specificity of the SLE
classification criteria of EULAR/ACR in 2019 both are optimal.

5.2 Methods and Techniques for Auto-Antibody Detection

Determination of auto-antibodies plays an important role in the diagnosis and dif-
ferential diagnosis of autoimmune diseases. At present, auto-antibody detection has
been widely used in clinical practice in China. Factors such as the selection of
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detection methods, the professionalism of operators, and the selection of reagent
quality are directly related to the quality of the test results, affecting the judgment
and interpretation of the results by clinicians.

With the development of contemporary methods for quantitative detection of
auto-antibodies, the identification of these antigen-antibody systems has been
regarded as one of the milestones in clinical immunity in the past 60 years. As far as
detection methods are concerned, microscopy and biochemical methods (often
called morphological and immunological methods) play an important role in labora-
tory medicine. All derived immunological methods can be used for the diagnosis of
autoimmune diseases. Based on methodological principles and application scenar-
ios, methods for auto-antibody detection are divided into the following categories:

5.2.1 Indirect Inmunofluorescence Assay

Indirect immunofluorescence is a method in which specific antibody components in
serum or plasma form antigen-antibody complexes with antigens in tissues or cells.
Fluorescein-labeled secondary antibody is used to recognize antigen-antibody com-
plexes, and fluorescent microscope is used to observe bright fluorescence of fluores-
cein irradiated by external excitation light. The fluorescent pattern of the combined
antigen-antibody complexes varies with different localizations.

5.2.2 Immunoblotting

The immunoblotting method is to transfer the natural or purified antigen to the
nitrocellulose membrane, and then combine the antigen and antibody specifically to
form an antigen-antibody complex with the antibody to be tested in the serum or
plasma. The enzyme-labeled secondary antibody recognizes the complex and reacts
with the chromogenic substrate to form a color band. According to the position of
the band and the depth of the color, it is determined whether there is a corresponding
auto-antibody.

5.2.3 Dot Immunobinding Assay

The dot immunology method uses the nitrocellulose membrane as a solid phase
support to perform immunological detection of antigen and antibody reactions.
After the antibody is being added, it can bind to the antigen on the membrane and
then add the antibody labeled with a marker so that the marker is indirectly cross-
linked to the cellulose membrane through the combination of the anti-antibody and
the corresponding antibody. When the corresponding substrate is dispensed, the
marker will react with the substrate to form insoluble products, which will be
stained in dot shape to determine the results. According to the different markers
being used, they can be divided into horseradish peroxidase dot immunological test
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(use horseradish peroxidase as the marker of anti-antibody), alkaline phosphatase
dot immunological test (use alkaline phosphatase anti-alkaline phosphatase com-
plex as the marker of enzyme), and gold-silver staining dot immunological test (use
colloidal gold as the marker of anti-antibody). Among them, the most commonly
used is the spot immunological test based on the horseradish peroxidase label-
ing system.

5.2.4 Enzyme-Linked Immunoassay

Enzyme-linked immunosorbent assay (ELISA) is a detection technology that com-
bines the immune reaction of antigen and antibody with the high-efficiency cata-
Iytic action of enzyme. Auto-antibody detection usually adopts the indirect method.
Enzyme-labeled antibody is used to detect the tested antibody that has been com-
bined with the solid phase. The main steps are as follows: (1) The specific antigen
is combined with the solid phase carrier to form the solid phase antigen. (2) Adding
diluted serum: the specific antibody is combined with the antigen to form the solid
phase antigen-antibody complex. (3) Adding enzyme-labeled anti-antibody: bind-
ing with the antibody in the solid phase complex so that the antibody is indirectly
labeled with enzyme. (4) Color development by adding substrate: color depth rep-
resents the amount of tested antibody in the sample.

5.2.5 Chemiluminescence Imnmunoassay

Chemiluminescence immunoassay (CLIA) is a trace analysis method for determin-
ing the analyte content based on the linear and quantitative relationship between the
analyte concentration and the chemiluminescence intensity of the system under cer-
tain conditions.

Mainstream reagent technologies being used internationally include: direct che-
miluminescence [isoluminol (Snibe Diagnostic), acridine ester (Abbott, YHLO)],
indirect (enzymatic) chemiluminescence (Danaher, Mindray, Autobio), and electro-
chemiluminescence (Roche). However, the major manufacturers involved in provid-
ing auto-antibody chemiluminescence immunoassay are YHLO, HOB, and Werfen.

5.2.6 Multiplex Immunofluorescence Assay

Multiplex detection is the simultaneous detection of multiple indicators (signals)
of the same sample. Multiplex detection technology has superior methodological
conditions in terms of detection speed. As the core, it is a multi-index parallel
analysis technology platform integrating flow cytometry, laser analysis, high-
speed digital signal processing, and other technologies, which can quantitatively
detect a variety of different biomolecules at one time. Antibody molecules or
gene probes for different analytes are bound to specific encoded microspheres in
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a covalently cross-linked manner, and each encoded microsphere corresponds to
a specific detection item. First, the fluorescently encoded microspheres for dif-
ferent substances to be tested are mixed, and then the substances to be tested or
amplified fragments to be tested are added, and the formed complex is then com-
bined with the labeled fluorescein to react. Driven by the flowing sheath fluid, the
microspheres pass through the detection unit in sequence in a single column, and
through the analysis of the captured fluorescence code and the fluorescence
intensity of the reporter molecule, the purpose of fast and accurate multiple
detection is achieved.

5.2.7 Quality Control and Evaluation
of Auto-Antibody Detection

There are various detection methods for auto-antibodies, including qualitative
detection, quantitative detection, manual operation, and automatic detection. The
traceability standards of each manufacturer are different, and the equipment level of
each laboratory and the technical level of operators is different. The accuracy of
laboratory test results may vary greatly, so the accuracy of auto-antibody test results
is closely related to its quality control.

5.2.7.1 Improvement of Automation Level

The degree of automation of domestic auto-antibody detection is generally low, far
behind European and American countries. With the continuous expansion of the
overall demand for auto-antibody and the rapid growth of the market capacity and
scale, more enterprises are attracted to develop automation devices and products.
The automation degree and standardization degree of the overall auto-antibody
detection have been improved. The improvement in the automation degree will
reduce the problem of result difference caused by differences in personnel factors
and technical capabilities.

5.2.7.2 Items Covered by Inter-Laboratory Quality Assessment

The auto-antibody items covered by the inter-laboratory quality assessment are lim-
ited, and the results are not satisfactory. The National Rheumatology Database
Center (CRDC) has made some measures to improve this phenomenon: increasing
the number of auto-antibody inter-laboratory quality assessment items and the types
of diseases covered, provide data analysis for quantitative detection. CRDC aims to
further improve the standardization of auto-antibody testing in each center, estab-
lish a laboratory quality management concept, and provide guarantee for individual-
ized and precise treatment of clinical rheumatism. Existing coverage items are
ANA, dsDNA, antiphospholipid antibodies, autoimmune liver disease auto-anti-
bodies, autoimmune vasculitis, and rheumatoid arthritis-related auto-antibodies. It
meets the basic inter-laboratory comparison needs for major items in each labora-
tory center.
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5.2.7.3 Coverage of Quality Control Materials in Internal
Quality Control

Due to the limitation of domestic auto-antibody detection methodologies such as
western blotting, ELISA, and indirect immunofluorescence (IFA) method, all of
which are mainly operated manually. There are often no quality controls for internal
quality control, and only negative and positive quality controls are being monitored.
Due to the increased level of automation, increased quality control requirements,
increased clinical demand for accuracy of test results, the demand for internal qual-
ity control has also been increased. Some companies have begun to develop third-
party quality control products for auto-antibodies to meet laboratory needs to further
improve laboratory management capabilities. Items covered by auto-antibody qual-
ity control products include ANA-related auto-antibodies, antiphospholipid anti-
bodies, autoimmune liver disease-related auto-antibodies, and rheumatoid
arthritis-related auto-antibodies.

5.2.7.4 Limited Standardization

The lack of recognized official standard reference materials for auto-antibody test-
ing is a major cause of discrepancies in auto-antibody testing results. Different
methods of obtaining raw materials, genetic engineering of proteins and extraction
of natural substances, inconsistent selection of binding sites, and inconsistent
assignment systems can all lead to large differences between auto-antibody detec-
tion platforms, and poor inter-laboratory comparability.

5.3  Status of Domestic Autoimmune Diagnostic Products
5.3.1 Registered Products of Domestic Autoimmune Diagnostics

At present, the most commonly used autoantibody detection methodologies in
China include indirect immunofluorescence, immunoblotting, enzyme-linked
immunosorbent assay, chemiluminescence, and flow cytometry fluorescence/liquid-
phase microarray chip. Although immunoblotting is slightly less automated, it is
still the mainstream methodology for autoantibody detection because of its simplic-
ity of operation, the ability to combine dozens of parameters, and high efficiency. In
recent years, traditional autoimmune manufacturers, such as Shenzhen YHLO
Biotech, Suzhou HOB Biotech, Guangzhou Kangrun Biotech, and emerging manu-
facturers, such as Sichuan C-Luminary Biotechnology and AVIC Saiwei Biological
Science & Technology, have started to focus on promoting high-throughput, fully
automated chemiluminescence equipment and supporting autoimmune reagents,
and there is a trend to gradually replace immunoblotting and enzyme-linked immu-
nosorbent assay. In addition, some domestic manufacturers (e.g., Shanghai Tellgen
Diagnostic Technology, Zhuhai Livzon Diagnostics) have also applied the flow
cytometry fluorescence/liquid-phase microarray chip platform for autoantibody
detection, which has a unique advantage in screening multiple parameters of auto-
antibody profile with its parameter co-testing function.
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In China, the most commonly used methodologies for autoantibody detection are
immunoblotting (51%), followed by chemiluminescence (16%), enzyme-linked
immunosorbent assay (16%), and indirect immunofluorescence (13%), with less
use of multiplex assays (4%).

5.3.2 The Main Instrument Products of Domestic
Autoimmune Diagnosis

5.3.2.1 Automated Indirect Immunofluorescence Equipment

There are very few domestic automated equipment for indirect immunofluores-
cence, and only Shenzhen YHLO Biotech has products that support indirect immu-
nofluorescence experimental operation and (or) fluorescence karyotype analysis
equipment in China. Because of the differences in the position and size of the cell
wells coated on the fluorescent slides of different manufacturers, and the interpreta-
tion principles of different manufacturers are different, and the secondary antibody
dyes are also different, so the fluorescent karyotype analysis equipment is a closed
system and does not support the reading of fluorescence results of other brands. The
pretreatment equipment for indirect immunofluorescence is basically open, and the
position of the addition needle and the height of the wash plate can be adjusted
according to the position of the slide hole and the thickness of the slide of the target
manufacturer.

iSlide240 Indirect Immunofluorescence Pre-Treatment System

iSlide240 is an indirect immunofluorescence pre-treatment system developed and
manufactured by Shenzhen YHLO Biotech. It can realize the pretreatment of fluo-
rescence experiments, including serum dilution, sample addition, incubation, clean-
ing and reagent addition processes. Subsequent manual blocking and interpretation
of results under a microscope or automatic interpretation of the fluorescence results
using iReader600 is required. The iSlide240 has a sample position of 240, with 2
addition needles, and supports 24 fluorescent slices for simultaneous operation, sup-
porting automated experiments with most of the indirect immunofluorescence car-
riers on the market.

iReader600 Indirect Immunofluorescence Karyotype Analysis System
iReader600 is an indirect immunofluorescence karyotype analysis system
launched by Shenzhen YHLO Biotech and iSlide240 simultaneously, which can
realize the automatic reading of ANA, dsDNA and ANCA fluorescence karyotype
and the automatic photographing of ALD fluorescence results, and can issue
graphic report sheets. The iReader600 supports 50 fluorescence slices on the
machine at the same time, and supports three fluorescence channels: FITC, DAPI
and Evans Blue. The average reading time is about 10 seconds per well, which is
fast and efficient.
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5.3.2.2 Fully Automated Immunoblotting Instrument

Shenzhen YHLO Tenfly Immunoblotter Series

There are three models: Tenfly Blot, Tenfly Auto and Tenfly Phoenix, of which
Tenfly Blot supports simultaneous experiments on 44 membrane strips, and can
automatically complete the steps of incubation, cleaning, and reagent addition,
requiring manual serum addition and additional scanning to interpret the results.
Tenfly Auto is an upgraded version of the immunoblotting analyzer that supports
simultaneous experiments on 48 membrane strips. It can automatically complete the
steps of incubation, washing, reagent addition, drying and automatic interpretation
of results. Only manual serum addition is required. Tenfly Phoenix is a fully auto-
matic immunoblotting analyzer that can support 60 membrane strips for simultane-
ous experiments. It can automatically complete the steps of adding serum samples,
incubating, washing, adding reagents, drying and automatically interpreting the
results. It also supports LIS two-way communication, which is the most automatic
immunoblotting analyzer available at present.

Shenzhen Rayto Life and Analytical Sciences Immunoblotter Series

The commonly used equipment models are Biotray 866 and Biotray 933, and cur-
rently, HOB Biotech, Unicorn and other manufacturers are using Rayto’s immunob-
lotter solution. Biotray 866 is a semi-automatic immunoblotting analyzer that supports
simultaneous experiments on 40 membrane strips. It can automatically complete the
steps of incubation, cleaning, and reagent addition, requiring manual sample addition
and interpretation of results. Biotray 933 is a fully automatic immunoblotting analyzer
that can support 50 membrane strips for simultaneous experiments. It can automati-
cally complete the steps of serum sample addition, incubation, washing, reagent addi-
tion, drying, and interpretation of results, and supports LIS two-way communication.

Shanghai Xun-Da Medical Instrument XD Immunoblotter Series

XD series commonly used equipment models are XD236 and XD248. XD236 sup-
ports simultaneous experiments on 30/36 membrane strips, and XD248 supports
simultaneous experiments on 48 membrane strips. Both are semi-automatic immunob-
lotting analyzers, which can automatically complete the steps of incubation, washing,
and reagent addition, requiring manual sample addition and interpretation of results.

5.3.2.3 Chemiluminescence Immunoassay Analyzer

iFlash3000 Fully Automated Chemiluminescence Immunoassay

Analyzer Series

iFlash3000 was launched in 2016 by Shenzhen YHLO Biotech, which adopts the
direct chemiluminescence principle of acridinium ester. The iFlash3000C model is
targeted for laboratories with large sample volume, with 140 sample positions
(another 15 emergency positions), 30 reagent positions, supporting 2000 reaction
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cups, and a maximum test speed of 300 T/h. It also has a cascade function, support-
ing up to 4 devices in a cascade. The iFlash3000H is a desktop instrument with a
small footprint, targeted at smaller laboratories, with 50 sample positions, 20 reagent
stations, supporting 1000 reaction cups, and a maximum test speed of 180 T/h.

SMART6500 Fully Automated Chemiluminescence Immunoassay Analyzer
The manufacturer is Chongging Keysmile Biological Technology, and the main
cooperative manufacturer of SMART6500 equipment in the panels of autoimmu-
nity is Suzhou HOB Biotech. HOB Biotech’s SMART6500 adopts enzymatic che-
miluminescence, has 96 sample positions, 24 reagent positions, supports 1000
reaction cups, the one-step test speed is 360 T/h, two-step test speed is 300 T/h, and
the first result time is 47 min. In addition, the SMART6500 is available with a
syringe TIP solution to reduce cross-contamination.

LEACL-600 Single Packaged Fully Automated Chemiluminescence
Immunoassay Analyzer

In 2019, Zhuhai Livzon Diagnostics released a single packaged chemiluminescence
immunoassay analyzer LEACL-600. In addition to detecting autoantibodies, it can
also diagnose AMH, PCT, IL-6, tuberculosis infected T cells, bacterial vaginosis
and other parameters/diseases. LEACL- 600 adopts enzymatic chemiluminescence
method, with a total of 30 sample positions, 12 reagent positions, a test speed of
60 T/h and a first result time of 18 min.

Lumiray Chemiluminescence Immunoassay Analyzer Series

Lumiray series were produced by Shenzhen Rayto Life, and HOB Biotech has used
Rayto’s Lumirayl1200 chemiluminescence immunoassay analyzer. Currently,
Sichuan C-Luminary Biotechnology is developing a series of autoimmunity reagents
based on the Lumiray platform. Lumiray 1600 and Lumiray630 both use enzymatic
chemiluminescence, the test speed is 120 T/h and 80 T/h respectively, and the first
result time is 20 min and 15 min respectively.

AVIC Saiwei Biological Science & Technology (Beijing Beier

Bioengineering) Fully Automated Chemiluminescence Immunoassay
Analyzer

The analyzer was launched in 2016 by Beier Bioengineering Holdings Beijing
AVIC Saiwei Biological Science & Technology. Its VI-200 adopts enzymatic che-
miluminescence method, with a total of 100 sample positions, 30 reagent positions,
supporting 1200 reaction cups, a test speed of 240 T/h, and a first result time of
19 min. The sample needle adopts a disposable Tip solution.

Kaeser Fully Automated Chemiluminescence Immunoassay

Analyzer Series

It is a product of Chongging Keysmile Biological Technology, Guangzhou Kangrun
Biotech is developing autoantibodies, reproductive hormones and other reagents
based on this instrument. Kaeser chemiluminescence immunoassay analyzer series
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use acridinium ester-labeled direct chemiluminescence technology. The Kaeser
6600 has 96 specimen positions, 24 reagent positions, and supports 1000 reaction
cups, with a test speed of 360 T/h and a first result time of 35 min . The Kaeser 1000
has 24 specimen positions, 15 reagent positions, and supports 130 reaction cups,
with a test speed of 120 T/h and a first result time of 15 min.

5.3.2.4 Multiplex Detection Platform

Fully Automated Flow Cytometry Fluorescence Immunoassay Analyzer

TESMI F4000

The first domestic flow cytometry fluorescence immunoassay analyzer was launched
in 2018 by Shanghai Tellgen Diagnostic Technology. The platform is developed
based on Luminex 200 flow cytometry fluorescence multiplex detection technology.
It combines the advantages of Luminex 200 flow cytometry fluorescence technol-
ogy, such as high throughput, capable of joint inspection, and quantification, and
also has automatic sample processing function, which realizes high-speed, random
to the performance of on-call testing and fully automatic processing. The platform
has a total of 125 sample positions, the test speed is 120 samples/h, and the first
result time is 38 min. For the 16 detection parameters of the antinuclear antibodies,
a maximum of 1920 results can be generated per hour. The platform has 25 reagent
positions. For example, if the number of reagent detection indicators in a single
channel is 4, then a single machine can simultaneously detect 100 indicators online
(the number of indicators depends on the actual number of indicators of each
reagent), which can greatly reduce the number of instruments required and the need
for multiple-instrument assignment of samples.

MCLIA-800 Fully Automated Multiplex Inmunoassay Analyzer

It is a multiplexed assay platform launched by Zhuhai Livzon Diagnostics, which
applies laser microengraving technology to carry out laser lithography on chips. It
can encode up to 4096 chips in total, which can achieve the purpose of detecting
multiple markers simultaneously in one reaction tube, with high throughput, full
automation, fast speed and random injection and other characteristics. MCLIA- 800
has 128 sample positions, 5 reagent positions, with a first result time of 37 min, and
can complete 60 samples testing per hour.

5.3.3 Main Reagent Products of Domestic
Autoimmune Diagnosis

5.3.3.1 Indirect Immunofluorescence Reagents

Almost all imported brands of autoimmune reagents manufacturers have products
using indirect immunofluorescence method, while there are fewer domestic brands
of reagents using this method. At present, the domestic manufacturers who indepen-
dently develop and produce indirect immunofluorescence products include Shenzhen
YHLO Biotech, Beijing H&J NoVoMed and Suzhou HOB Biotech (Table 5.2).
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Table 5.2 Detailed list of manufacturers of indirect immunofluorescence reagents

Diseases Markers YHLO H&J 'HOB

Connective tissue diseases Anti-nuclear antibody (ANA) \/ \/ \/

Systemic lupus erythematosus | Anti-double-stranded DNA (dsDNA) \/ \/ \/
IgG antibodies

ANCA-associated small Anti-neutrophil cytoplasmic antibody \/ \/ \/

vessel vasculitis (ANCA) IgG

Autoimmune hepatitis Autoimmune hepatitis-related IgG \/ \/
antibodies

Rheumatoid arthritis Anti-keratin antibody (AKA) IgG - VARV,

Rheumatoid arthritis Perinuclear factor - \/ -

Table 5.3 Detailed list of immunoblotting reagent manufacturers
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5.3.3.2 Immunoblotting Reagents

There are more than ten manufacturers of immunoblotting reagents, and the only
brands with a high market share and a complete disease spectrum are Shenzhen
YHLO Biotech, Beijing SDR Diagnostics, Guangzhou Kangrun Biotech, Suzhou
HOB Biotech, Shanghai Kexin Biotech, Shenzhen Huian Biosci Technology and
Guangdong Uniten Biotechnology (Table 5.3).

5.3.3.3 Chemiluminescent Inmunoassay Reagents

The growth momentum of chemiluminescent reagent manufacturers is obvious, and
more and more manufacturers are joining the ranks of autoantibody reagent product
development and production to provide more high-quality products (Table 5.4).

5.3.3.4 Multiplex Assay Reagents
At present, there are only two domestic multiplex assays, Shanghai Tellgen
Diagnostic Technology and Zhuhai Livzon Diagnostics. The multiplex assay has the
characteristics of high throughput and fast detection, and it is likely to replace the
immunoblotting method in the future, especially for the panels that require multiple
assays such as antinuclear antibodies detection.

The tests performed by Shanghai Tellgen Diagnostic Technology include
ANA-16s and ANA-15s for antinuclear antibodies, AAV-3s for vasculitis, IgG and
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Table 5.4 Detailed list of registered products of chemiluminescent reagent manufacturers

Diseases

Markers

=

HLO

o
=]
ES
=]
3

AVIC
Saiwei

~
19
=]
ag
=
=

Connective tissue
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Sm IgG
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PO
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(continued)
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Table 5.4 (continued)

AVIC
C-Luminary | Saiwei | Kangrun
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Diseases Markers
Autoimmune GADA
diabetes IAA
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IgM antibodies of anti-cardiolipin (aCL) and anti-p2 glycoprotein I (ap2GPI) for
antiphospholipid syndrome, anti-CCP antibodies for rheumatoid arthritis, ALD-6s
for autoimmune hepatitis, and M-type phospholipase A2 receptor (PLA2R) for
membranous nephropathy. The tests available at Zhuhai Livzon Diagnostics include
ANA-17s, ANA-15s, ANA-13s, ANA-9s for antinuclear antibodies, AAV-7s and
AAV-3s for vasculitis, ALD-7s for autoimmune hepatitis, and 5s for myositis.

5.4 Introduction of Major Domestic Autoimmune
Diagnostic Companies

5.4.1 Shenzhen YHLO Biotech Co., Ltd.

Shenzhen YHLO Biotech Co., Ltd is an innovative company committed to indepen-
dent research and development, focusing on academic research. YHLO’s autoim-
mune diagnostic products cover connective tissue disease, autoimmune vasculitis,
autoimmune hepatitis, antiphospholipid syndrome, rheumatoid arthritis, autoim-
mune diabetes, autoimmune gastrointestinal disease, autoimmune thyroiditis and
other disease areas.

The chemiluminescence platform mainly includes two models, iFlash3000H and
iFlash3000C. The detection speed and throughput are different, and they are suit-
able for different customer usage scenarios. In addition, the iFlash3000C has cas-
cade capability and can be accessed to a Total Laboratory Automation, allowing up
to four devices to be connected and share the same sampling system to improve the
detection speed and throughput.
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The immunoblotting platform mainly includes three models of immunoblotting
analyzers, Tenfly Blot, Tenfly Auto and Tenfly Phoenix. Among them, Tenfly Blot is
a semi-automatic immunoblotting analyzer, and Tenfly Auto and Tenfly Phoenix are
fully automatic immunoblotting analyzers, supporting the process of incubation,
washing, reagent addition, drying, and interpretation. Tenfly Phoenix is the most
automated immunoblotting analyzer on the market.

Also, YHLO has indirect immunofluorescence reagents and automated operation
and interpretation equipment for parameters including anti-nuclear antibodies, anti-
neutrophil antibodies, anti-dsDNA antibodies, and anti-tissue antibodies.

5.4.2 Jiangsu HOB Biotech Group Suzhou Co., Ltd.

HOBo’s autoimmune antibodies detection methodologies are mainly chemilumi-
nescence as well as immunoblotting methods.

The fully automated chemiluminescence immunoassay analyzer of HOB adopts
Chongqing Keysmile Smart 6500 platform, based on which we have developed che-
miluminescence reagents for diseases related to connective tissue disease, vasculi-
tis, autoimmune hepatitis, antiphospholipid syndrome, rheumatoid arthritis,
autoimmune diabetes, autoimmune thyroiditis, etc.

HOB immunoblotting reagents mainly have three panels: antinuclear antibodies,
vasculitis, and autoimmune hepatitis. Its automated equipment models mainly come
from Shenzhen Rayto, including Biotray-866 and Biotray-933.

5.4.3 Shanghai Kexin Biotech Co., Ltd.

Currently, Shanghai Kexin has a series of specialized experimental platforms rang-
ing from gene cloning, protein expression and preparation, antibody preparation to
cell culture, etc. In the research and development of diagnostic reagents, Shanghai
Kexin has mature technology platforms such as enzyme-linked immunosorbent
assay (ELISA), immunoblotting (Blot) and colloidal gold immunochromatographic
assay (GICA). In terms of raw material preparation, Shanghai Kexin has E. coli
expression system technology platform, yeast expression system technology, large-
scale fermentation and renaturation purification technology, CHO cell expression
system technology, large-scale transient gene expression technology, hybridoma
technology, and large-scale animal cell culture technology.

Shanghai Kexin focuses on the research and development and production of
autoimmune diagnostic reagents. In 2010, Shanghai Kexin independently devel-
oped and produced an anti-cyclic citrullinated antibody detection kit (enzyme-
linked immunosorbent assay), and achieved a high market share. In addition,
Shanghai Kexin also has a combination of testing parameters such as anti-nuclear
antibodies, vasculitis, autoimmune hepatitis, and autoimmune diabetes.



122 H.Jinetal.

5.4.4 Beijing H&J Novomed Co., Ltd.

Beijing H&J was established in May 2005 and is located in Beijing Yizhuang
Economic and Technological Development Area, where high-technology is concen-
trated. Beijing H&J focuses on the development, production and sales of in vitro
diagnostic reagents based on autoantibodies for rheumatic diseases. The product
methodologies include indirect immunofluorescence method, enzyme-linked
immunosorbent assay and immunoblotting method, and the detected disease panels
includes antinuclear antibodies, vasculitis, autoimmune hepatitis, and rheumatoid
arthritis. As an early domestic autoimmune brand, it has a certain popularity.

5.4.5 ShanghaiTellgen Life Science Co., Ltd.

Shanghai Tellgen Life Science Co., Ltd. (hereinafter referred to as “Tellgen Life™)
has been dedicated to the development, manufacturing and promotion of in vitro
diagnostic products since its establishment in 2003. The products developed by
Tellgen Life include more than 250 products in multiple technology platforms such
as flow cytometer fluorescence, chemiluminescence, biochemistry, molecular diag-
nosis and Total Laboratory Automation. Flow cytometer fluorescence technology is
a specialty of Tellgen Life, which is a high-throughput assay that can detect up to
100 parameters at a time. It can greatly improve detection efficiency and is particu-
larly suitable for multiplex testing.

By the end of 2020, Tellgen Life has received approval from the China Food and
Drug Administration (CFDA) for six products in the FlowAI® series of flow cytom-
eter fluorescence autoantibodies immunoassay tests, including 16 parameters in the
antinuclear antibodies, 4 in the antiphospholipid antibodies, 3 in the vasculitis anti-
bodies, and 24 in the rheumatoid arthritis including anti-CCP antibody. Combined
with the TESMI F4000 fully automated flow cytometer fluorescence immunoassay
system, it is high throughput, fully automated, fully quantitative and on-call. In par-
ticular, the maximum speed of 1920 tests per hour can greatly improve the efficiency
of the laboratory when testing a multi-marker combination such as the antinuclear
antibodies.

5.4.6 Zhuhai Livzon Diagnostics Inc.

Founded in 1989, Zhuhai Livzon is the first high-tech subsidiary of the listed com-
pany Livzon Pharmaceutical Group (an A-share/H-share listed company), special-
izing in the R&D, production and marketing of in vitro diagnostic reagents and
supporting equipment, and is one of the earliest in vitro diagnostic reagent manufac-
turers in China.

Livzon Reagent currently has enzyme-linked immunosorbent assay technology
platform, colloidal gold rapid detection platform, microorganism detection
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platform, as well as newly established molecular nucleic acid detection technology
platform, automatic digital liquid-phase chip multiplex detection platform and sin-
gle-packaged chemiluminescence platform. The product lines of Livzon Reagent
cover many fields such as infectious diseases, respiratory infections, tumor marker
detection, drug concentration monitoring, autoimmunity, allergen detection and
blood safety.

In the field of autoantibody detection, Livzon adopts the fully automated digital
liquid-phase chip multiplex assay platform (MCLIA-800) and single-packaged che-
miluminescence platform (LEACL-600). Available test panels include antinuclear
antibodies, vasculitis antibodies, autoimmune hepatitis and myositis antibodies.

5.4.7 Guangzhou Kangrun Biotech Co., Ltd.

Founded in 2002, Kangrun has independently developed and produced dozens of
products such as reproductive endocrine hormones, thyroid function, and EBV. In
recent years, Kangrun has started to develop and produce reagents for reproductive
hormones and autoimmunity fields on the chemiluminescence platform of
Chongqing Keysmile, and has now launched some quantitative assays such as
antiphospholipid antibody and vasculitis. It is worth mentioning that Kangrun has
launched autoimmunity quality control products through its subsidiary Guangzhou
Bochi Biotechnology, which has filled the vacancy of quality control in domestic
autoimmunity laboratories.

5.4.8 Sichuan C-Luminary Biotechnology Co., Ltd.

Founded in 2018, Sichuan C-Luminary specializes in the development and pro-
duction of core raw materials for in vitro diagnostic reagents, while the company
also provides diagnostic products for clinical users for autoimmune diseases and
allergic diseases. At present, more than 20 kinds of core raw materials of diagnos-
tic reagents (mainly recombinant autoimmune antigens and component allergens)
developed by the company have been widely used in the development of down-
stream Kkits.

In addition, the company has established a technology platform for chemilumi-
nescence assay based on Rayto’s Lumiray series chemiluminescent immunoassay
analyzer, on which it has developed quantitative multiple autoantibody assay kits
as well as allergen assay kits. It has launched tests for conventional autoimmune
parameters such as antinuclear antibodies, autoimmune hepatitis, antiphospho-
lipid antibodies, and rheumatoid arthritis. In addition, it has developed special
autoantibody parameters such as membrane membranous nephropathy (e.g., anti-
PLAZ2R antibodies), infertility (e.g., anti-sperm antibodies, anti-ovarian antibod-
ies, anti-clear band antibodies) and interstitial lung disease-related antigen tests
(e.g., KL-6).
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5.4.9 Beijing Beier Bioengineering co Ltd. (Beijing AVIC Saiwei
Biological Science & Technology Co., Ltd.)

Beijing Beier is located in Beijing Economic and Technological Development
Area, a high-tech enterprise integrating R&D, production, sales and service of
fully-automated chemiluminescent instruments and reagents. In 2016, Beier
Bioengineering held Beijing AVIC Safeway Biotechnology Co., Ltd, which
greatly expanded Beier’s chemiluminescent product line, especially the fully-
automated chemiluminescent immunoassay analyzer, and the current chemilumi-
nescent reagents cover a wide range of panels including thyroid function, sex
hormones, tumor markers, autoantibodies, liver fibrosis and many other
parameters.

5.4.10 Other Enterprises

In addition to the above-mentioned enterprises, there are other small enterprises
such as Shenzhen Anqun Biology Engineering Co., Ltd., Shenzhen Sciarray
Biotechnology Co., Ltd., Weifang Kanghua Biotech Co., Ltd., Shenzhen Huian
Bioscitech Co., Ltd., and Guangdong Uniten Biotechnology Co., Ltd. These enter-
prises mainly promote traditional methodologies such as ELISA and immunoblot-
ting, and they have few detection assays, no obvious competitive advantages, and
small user groups.

5.5  Market Analysis of Autoantibodies Products in China

After 20 years of development in China, autoantibody detection has gradually
developed from an emerging project of immunodiagnosis to a segmented field that
hospitals and IVD companies attach great importance to. Autoantibody detection
has been used in clinical diagnosis and treatment for more than 50 years, providing
comprehensive diagnosis and treatment information for 50 million rheumatology
patients nationwide. In recent years, new methods such as chemiluminescence and
multiplex detection technology have also been gradually applied in the field of auto-
immune disease diagnosis, improving the level of autoantibody detection technol-
ogy and providing more efficient clinical services. In the past 10 years, domestic
manufacturers have entered the field of autoimmune diagnosis and occupied a place.
The development of China’s intelligent manufacturing has promoted the develop-
ment of autoantibody detection and diagnosis and treatment technology. In the
future, the development of China’s autoimmune disease diagnosis market is bound
to enter the fast lane.
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5.5.1 Market Volume of Autoimmune Diagnostic Products

According to the literature, about 7.6% to 9.4% of the global population suffers
from various types of autoimmune diseases, and more than 100 autoimmune dis-
eases have been identified, commonly including rheumatoid arthritis, systemic
lupus erythematosus, Sjogren syndrome, psoriasis, and ankylosing spondylitis.
Among the top 100 global drug sales in 2019, 25 immune drugs entered the list, of
which Adalimumab (Humira) is firmly at the top of the list. In terms of diseased
groups, due to the large population base, according to the survey on the number of
patients with major autoimmune diseases in China in 2019, it is expected that China
will still have the largest number of patients with autoimmune diseases in the world
by 2030, with a stable growth and autoimmune disease diagnosis market. The
demand is huge. In addition, the national emphasis on autoimmune diseases has
promoted the development of rheumatology and immunology clinical departments
(Fig. 5.1).

5.5.1.1 The National Policy Supports the Construction
of Rheumatology and Immunology Departments

In recent years, China has paid more and more attention to the diagnosis of
autoimmune diseases, and on October 31, 2019, the National Health Commission
issued the Guidelines for the Construction and Management of Rheumatology
and Immunology Departments in General Hospitals (for Trial Implementation)
(hereinafter referred to as “Guidelines”). The Guidelines state that tertiary gen-
eral hospitals with conditions should, in principle, set up independent rheuma-
tology and immunology departments, and encourage secondary general hospitals
and other types of medical institutions with conditions to set up independent
rheumatology and immunology departments, while hospitals should have inde-
pendent testing departments to support the routine examination of rheumatol-
ogy and immunology diseases. The continuous attention and vigorous
construction of clinical departments of rheumatology and immunology by the
state will be beneficial to the rapid development of the autoimmune disease
diagnosis market.

Neuromyelitis-optica spectrum disorder (NMSOD) 1 4.8 Neuromyelitis-optica spectrum disorder (NMSOD) 1 5.3

Multiple sclerosis (MS) 1 5.3 Multiple sclerosis (MS) 1 6.0
Pe.mh\gus 186 Pemhigus 1 9.3
Myasthenia gravis (MG) B 20.4 Myasthenia gravis (MG) m 22.3

Sjogren’s syndrome (SS) mm 62.9 Sjogren’s syndrome (SS) mm 64.5
Systemic lupus erythematosus (SLE) mmm 102.7 Systemic lupus erythematosus (SLE) mmmm 109.5
IgA nephropathy e 218.0 IgA nephropathy — 237.0
Crohn’s disease (CD) ® 13.4 Crohn’s disease (CD) m 28.3
Ulcerative cpliti_s (UC) m 40.0 Ulcerative colitis (UC) mmm 91.8
~ Psoriasis (PS) me— Psoriasis (PS) m—— 685.3
Ankylosing spondylitis (AS)  ee——— Ankylosing spondylitis (AS) ——405.4
Juvenile idiopathic arthritis (JIA) 1 4.3 Juvenile idiopathic arthritis (JIA) 1 4.7
Rheumatoid arthritis (RA) se— Rheumatoid arthritis (RA) e —— 640.9

Note: 1) According to Everest Medicines prospectus, the number of patients with atopic dermatitis Wai in China is about 61.5 million in 2019
and will reach 65.9 million in 2030, and according to Lancet data, the number of Chinese asthma patients is about 45.7 million in 2019 and
COPD patients about 100 million, which are not marked in the figure because of the huge scale of the number of patients.

(2) According to the Chinese journal of Dermatology, the incidence of psoriatic arthritis in Chinese patients with psoriasis is 6% to 13%.

Fig. 5.1 Population of major autoimmune diseases in China in 2019 and forecast in 2030
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5.5.1.2 An Aging Population Leads to an Increase in the Prevalence

of Autoimmune Diseases
Autoimmune diseases are caused by abnormalities in the immune system due to
external stimuli, and as age increases, the prevalence of autoimmune diseases
increases. An expanding aging population will inevitably lead to an increasing
demand for autoimmune disease diagnosis.

5.5.1.3 The Growth of Autoimmune Diagnostic Market Is Driven by
Policies Such as Graded Treatment

In 2014, the Ninth Committee of the Rheumatology Branch of the Chinese Medical
Association proposed the plan of “one city, one department, one center,” which has
led to the popularization and sinking of autoantibody testing, and many county-
level people’s hospitals are now carrying out autoantibody testing. At the same time,
to further strengthen the graded treatment of rheumatic immune diseases and
enhance the medical service capacity of primary care institutions for rheumatic
immune diseases, the Chinese Rheumatology Center Alliance (CRCA), initiated by
Peking Union Medical College Hospital, was officially established in Beijing in
November 2017, which will further promote the popularity of autoantibody testing
in primary care institutions. The establishment of the CRCA will further promote
the spread of autoantibody testing in primary care settings, and will also lead to the
spread of testing groups, which will lead to a greater understanding of autoimmune
diseases and increased compliance with testing, leading to new developments in
autoantibody testing. According to MARKETS AND MARKETS data, the global
autoantibody testing market was $3.365 billion in 2017 (Fig. 5.2).

The autoimmune disease diagnostics market in China continues to grow at a high
rate, and based on laboratory data obtained from expert research and public data, the
autoimmune disease diagnostics market is forecast to grow at a CAGR of nearly 30%
per annum from 2018 to 2023. The autoimmune disease diagnostic market size is
forecasted to reach RMB 3.37 billion in 2023. Due to the outbreak of the COVID-19
epidemic in 2020, the diagnosis and treatment of autoimmune diseases market has
been impacted, mainly reflected in the reduction in the number of hospital visits, and
the growth rate of the market size in 2020 will be reduced to 10% (Fig. 5.3).

Fig. 5.2 Global Global autoimmune diagnostics market size (unit: hundred
autoimmune diagnostics million US dollars)
market size (unit: hundred 50 47.33

million US dollars). 45 39.91 43.46___ -
(Source: MARKETS AND 40 3664 __.memi :
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Institute) o5
20
15
10
5
0

2017 2018 2019E 2020E 2021E 2022E



5 Autoimmune Diagnostics 127

45% 33.7 35.0
40%
30.0
35%
25.0
30%
25% 20.0
20% 15.0
15%
10.0
10%
59% 5.0
0% 0.0

2018 2019 2020 2021E 2022E 2023E

Growth rate

[ Market size (unit: hundred million yuan)

Fig.5.3 Autoimmune disease diagnostics market size (unit: hundred million yuan), 2018 to 2023.
(Data Source: Domestic and Foreign Medical Devices and In Vitro Diagnostics Industry
Research Report)

5.5.2 Methodology Proportion of Autoimmune
Diagnostic Products

Hundreds of autoantibodies have been identified so far, and the methodologies for
detecting these autoantibodies are diverse, mainly including indirect immunofluo-
rescence (IIF), latex agglutination test, double diffusion test, counter immunoelec-
trophoresis (CIEP), radioimmunoassay (RIA), linear immunoassay (LIA), enzyme
linked immunosorbent assay (ELISA), chemiluminescence assay (CLIA), and mul-
tiplex assay.

There were 271, 408, and 642 laboratories participating in the external quality
assessment of autoantibodies organized by the Chinese Rheumatism Data Center
(CRDC) in 2018, 2019, and 2020, respectively. The data showed that the most com-
monly used methodology for autoantibody testing in China was immunoblotting
(51%), followed by enzyme-linked immunosorbent assay (16%), chemilumines-
cence (16%), and indirect immunofluorescence (13%), with less use of multiplex
testing (4%) (Figs. 5.4, 5.5 and 5.6).

5.5.3 Autoimmune Diagnostic Market Pattern
After years of development, the autoimmune disease diagnostic market has formed

a situation in which multinational manufacturers are leading, followed by domestic
manufacturers, and multiple manufacturers are “competing for a hundred flowers.”
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As foreign companies entered the domestic market earlier, they almost monopo-
lized the entire autoantibody testing market through high quality products, unique
brand advantages and continuous academic education. It was not until 2009, when
YHLO Biotech launched its autoantibody diagnostic reagents by immunoblotting
and 2010, when Kexin Biotech launched its anti-CCP antibody diagnostic reagents,
that the situation where imported brands completely monopolize the market has
been changed.

With the rise of domestic chemiluminescence companies, more and more chemi-
luminescence companies have differentiated themselves from routine projects
through the development of autoimmune antibody diagnostic product lines and
acted as a stepping stone to enter the hospitals, such as YHLO Biotech, HOB
Biotech and AVIC Saiwei Biological Science & Technology. At the same time,
these companies have actively deepened basic scientific research and improved their
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clinical transformation capabilities, and finally occupied an important position in
the autoimmune diagnosis market.

In the application market of autoimmune diagnostic products in China, the share
of each company varies, among which the highest share (48%) is accounted for by
Oumeng Medical Diagnosis (China), the second ranked company is YHLO
Biotech(18%), the companies with market share between 5% and 7% are HOB
Biotech(7%), Kangrun Biotech (6%), Kexin Biotech (6%), HUMAN
Diagnostics(5%), the companies with share below 5% are Wolfen (4%), H&J
NoVoMed (2%), Anqun Biology Engineering(1%), Kanghua Biotech (1%), and the
other companies with a total of about 2%.

5.6  Future Changes and Trends in the Development
of Autoimmune Diagnostic Technologies and Products

5.6.1 Localization of Autoantibody Testing

Imported medical manufacturers in Europe and the United States started early, with
mature and perfect products, and have occupied the Chinese market for a long time,
while training a large number of technicians. In recent years, with the technological
progress of China’s medical device companies and the maturity of the supporting
industry chain, as well as the promotion of national policies such as medical reform,
graded treatment, and support for domestic equipment, localization of product test-
ing is the main theme of future development; on the other hand, domestic brands use
chemiluminescence and fully automated, high-throughput detection platforms such
as flow cytometry fluorescence/liquid-phase chip, which have obvious advantages
over the traditional methodologies of imported brands. This is also one of the rea-
sons that drive customers to replace imported products.

5.6.2 Development of Intelligent and Automated Autoantibody
Diagnostic Technology

The clinical application value of autoantibody testing mainly includes early warn-
ing of disease, diagnosis and differential diagnosis of disease, judgment of disease
process and efficacy, and prognosis evaluation. At present, most hospitals still use
qualitative immunoblotting method. Due to the limitation of detection technology,
the qualitative results can only guide the diagnosis or differential diagnosis, and
cannot meet the more in-depth clinical needs for disease progression judgment and
efficacy monitoring. Compared with qualitative assays, quantitative assays can set
the optimal laboratory threshold value, so the results are more accurate, while quan-
titative results can also be more effective in tracking the disease, predicting the
occurrence and prognosis of the disease, and monitoring the effectiveness of treat-
ment. The development of automated detection technologies such as chemilumines-
cence and flow cytometry fluorescence/liquid phase microarray provides a strong
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guarantee for quantitative, precise, microscopic and efficient testing, which is con-
ducive to the development of rational clinical treatment strategies and protocols.

In addition, with the improvement in clinical treatment technology, the number
of patients with autoimmune diseases increases year by year, and the clinical
demand for autoantibody testing also increases year by year, and the existing testing
equipment can no longer meet the needs of testers. Therefore, chemiluminescence,
flow cytometry fluorescence and other fully automated, high-throughput detection
technologies applied to autoantibody testing have received the attention of labora-
tory workers since their introduction.

5.6.3 Popularization and Sinking of Autoantibody Testing

Autoantibody testing is generally carried out in tertiary hospitals because of its
strong professionalism, strong demand for interaction between clinical and testing,
high clinical requirements for testing, and strong expertise of clinical prescribers;
thus, it is a special testing program. In 2014, the ninth Committee of the
Rheumatology Branch of the Chinese Medical Association, with Professor Zeng
Xiaofeng of Peking Union Medical College as the chairman, proposed the plan of
“one city, one department, one center,” which has led to the popularization and sink-
ing of autoantibody testing, and autoantibody testing is now carried out in many
county-level people’s hospitals.

To further strengthen the graded treatment of rheumatic and immune diseases
and improve the medical service capacity of rheumatic and immune diseases in
primary care institutions, in November 2017, the Chinese Rheumatology Center
Alliance (CRCA), initiated by Professor Zeng Xiaofeng of Peking Union Medical
College Hospital, was officially established in Beijing, which will also further pop-
ularize autoantibody testing in primary care institutions.

5.6.4 Laboratory Standardization of Autoantibody Assays
and Standardization of Traceability

Autoantibody testing is an important tool in the diagnosis and treatment of autoim-
mune diseases. However, due to the lack of a standardized test method for autoanti-
body testing and the influence of working conditions, traditional treatment habits,
interpretation of results and health insurance restrictions, there are inconsistencies
and irregularities in the clinical application of autoantibody testing.

According to the results of domestic autoantibody quality control in the past
decade and recent data from a national multicenter laboratory survey, the rate of
conducting and correctness of some autoantibody tests is not satisfactory. At the
same time, there are errors or misinterpretations in the interpretation of autoanti-
body results. Standardization and uniformity of autoantibody testing is the future
trend, and the challenge is how to standardize and correctly interpret them. The
standardization of autoantibody testing includes the whole process of reagent
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development and production, specimen testing and report review, which involves
many aspects such as reagent and instrument manufacturers, suppliers, technical
level of testing personnel, testing management system, and clinicians’ awareness.
At the manufacturer’s end, the national administration, national standardization
committee and industry association should unify the management, top-level design
and unified deployment in terms of reagent access, instrument audit, system regula-
tions, standard development and technical requirements, so as to solve the problem
of standardization of autoantibody testing from the source, improve the accuracy of
autoantibody testing results, and lay the foundation for high-quality autoantibody
testing results. In terms of laboratories, there are still a large number of laboratory
workers whose experimental procedures and inspection reports are not standard-
ized. It is necessary to provide standardized training and education for laboratory
workers, to obtain certificates, to standardize the testing process, report review and
interpretation of results, so as to better serve the clinical.

Traceability standardization is a must for autoantibody testing to ensure trace-
ability consistency, achieve true quantification of autoantibody testing, and serve
the clinic more efficiently.

5.6.5 Autoantibody Diseases Testing Parameters and Expansion
of Clinical Application Scenarios

Due to the specificity and sensitivity of autoantibody tests, autoimmune diseases
cannot be diagnosed by the results of individual antibody tests. One reason is that
multiple different autoantibodies can be present at the same time in a particular
autoimmune disease (e.g., anti-dsDNA antibodies, anti-Sm antibodies, anti-
ribosomal P (anti-Rib-P) antibody can be present at the same time in SLE patients),
and the same autoantibody can be present in multiple different autoimmune dis-
eases (e.g., both SLE patients and SS patients may have positive anti-SSA antibod-
ies). Therefore, laboratories often need to combine multiple autoantibodies for
simultaneous testing to improve the sensitivity and specificity of the test. For exam-
ple, for connective tissue diseases such as SLE, laboratories often combine as many
as a dozen autoantibodies (collectively referred to as the antinuclear antibodies or
connective tissue disease antibodies). Another reason is that even when laboratories
combine multiple programs for simultaneous testing, there are still cases of missed
tests. In the case of antiphospholipid syndrome, for example, the laboratory tests
included in the 2006 Sydney International Classification of Antiphospholipid syn-
drome include lupus anticoagulant (LA), anticardiolipin IgG/IgM, and anti-p2 gly-
coprotein 1 antibody IgG/IgM [8]. However, the combination of these three tests
only detects about 70% of patients with APS, so there is a need to find new biomark-
ers to complement the existing anti-phospholipid antibodies. The more popular new
parameters in recent years mainly include anti-PS/PT antibody, anti-B2 glycopro-
tein 1 structural domain 1 antibody, and anti-membrane linked protein A5 antibody,
which, combined with traditional antiphospholipid antibody, can greatly improve
the detection rate of antiphospholipid syndrome.
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In addition, the field of application of autoantibodies has been expanding. Since
the 1980s, a series of classical autoantibodies associated with paraneoplastic syn-
dromes such as anti-Hu antibodies were discovered one after another, the relation-
ship between tumors and abnormal immunity has attracted more and more attention.
Autoantibody diagnostic kits for cancer diagnosis have already appeared on the
market, for example, Oncimmune (UK) and Hangzhou CancerProbe Biotech have
launched autoantibody kits related to lung cancer, and Provista Company (USA) has
launched autoantibody kits for breast cancer diagnosis.

5.6.6 Autoantibody Discovery for Newly Discovered/Newly
Categorized Autoimmune Diseases

Common skin diseases such as psoriasis and vitiligo are now considered to be auto-
immune diseases, and autoantibodies such as ANA are often detected in patients
with these diseases. At present, the detection of ANA mainly relies on the Hep2
cell-based indirect immunofluorescence method. In the course of clinical practice, a
considerable number of laboratory workers and clinicians focus only on familiar
known fluorescence patterns, and for special rare fluorescence patterns are in many
cases subjectively considered as non-specific staining or impurities and ignored. In
fact, detailed documentation of unknown fluorescence patterns encountered in clini-
cal work should be made and analyzed in the context of the patient’s disease or
clinical symptoms, which may lead to the discovery of new fluorescence patterns in
relation to the disease and also facilitate the discovery of novel autoantibodies with
high specificity.

Secondly, the discovery of novel autoantibodies has helped clinical diagnosis
and treatment, for example, neuromyelitis optica (NMO) was long thought to be a
subtype of multiple sclerosis (MS) until 2004 when Professor Lennon reported the
discovery of specific IgG-type autoantibodies, the target antigen of which is aqua-
porins 4 (AQP4), hence the name anti-aquaporin 4-immunoglobulin [9]. The dis-
covery of this biomarker led to the recognition that neuromyelitis optica is a
completely different disease from multiple sclerosis.

5.6.7 Genetic Testing and Individualized Medicine

Autoimmune diseases are currently considered to be genetic in nature. For example,
ankylosing spondylitis is associated with the HLA-B27 gene, and celiac disease is
associated with HLA-DQ2/DQS8. Genetic testing can help clinical assessment of
patients’ disease susceptibility and facilitate clinical detection of patients in the
latent or pre-onset stage, and through early clinical intervention, can delay or even
stop the progression of the disease, thus improving the quality of life of patients.
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In addition, starting from the susceptibility genes of autoimmune disease patients,
we can conduct more in-depth research on the pathogenesis of autoimmune dis-
eases, so as to realize personalized treatment for patients. Taking autoimmune hepa-
titis (AIH) as an example, current studies have confirmed that HLA genes are
closely associated with AIH occurrence, clinical manifestations and prognosis,
especially the different alleles of HLA DRBI. In the US population, HLA
DRB1*0301 was associated with younger age of onset and poor response to gluco-
corticoid therapy in patients with AIH-1. HLA DRB1%*0401 is associated with older
age of onset, higher female incidence, combined with other immune diseases, and
lower treatment failure rates in AIH-1 patients. The tumor necrosis factor-a (TNF-
a) allele, TNF-a*2, is associated with hormone therapy failure and poor prognosis
in ATH-1 patients [10].

Precision medicine, a new medical model with precision and individualized
diagnosis and treatment as its core, has become a direction and hot spot for medical
research. Researchers have discovered genetic susceptibility loci in different auto-
immune disease populations, explored the genetic molecular mechanisms of indi-
vidual differences in drugs, and actively searched for biological markers for precise
diagnosis and prognosis prediction. These studies have greatly deepened the under-
standing of autoimmune diseases among clinicians and are expected to improve the
overall benefit of autoimmune disease diagnosis and treatment. Autoimmune dis-
eases are characterized by complex etiology, diverse clinical manifestations, and the
need for long-term maintenance of treatment. It is expected that the results in the
field of genetics will provide clinicians with better ideas in terms of individualized
and precise management.
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Tumor Markers 6

Zhiyu Cai, Ye Sheng, Li Zhu, Jianer Yao, and Wei Deng

6.1 Overview

Tumor markers are substances that reflect the existence of tumors. They do not exist
in normal adult tissues but only in embryonic tissues; their content in tumor tissues
is much higher than in normal tissues. Their existence and quantitative change can
indicate the nature of tumors, and help understand the histogenesis, cell differentia-
tion, and cell function of tumors, thus aiding the diagnosis, classification, prognosis
judgment, and treatment monitoring.

Traditionally, tumor markers are markers used to detect protein levels in serum.
However, in a broad sense, all kinds of gene mutation, expression, methylation, and
other indicators related to tumor screening, diagnosis, medication, and prognosis
can be regarded as tumor markers. This part mainly involves the tumor markers of
immunoassay, also called “tumor markers” in the traditional sense. Other tumor
markers for molecular diagnostics, such as gene mutation and methylation, do not
belong to the scope of this section.

Currently, there are more than 20 serum tumor markers commonly used in clini-
cal practices. Few of these tumor markers are related to one type of tumor, while
most may indicate multiple tumors. To be more specific, no “universal” tumor
markers have been found yet, which means one marker cannot detect all tumors.
Therefore, no tumor markers with superior sensitivity and specificity have been
found. Therefore, one of the current principles for applying tumor markers is to
select several relevant tumor markers for joint examination.
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6.2  Market Prices of Common Tumor Markers in Major
Provinces and Regions

The charge of tumor marker detection varies wildly among provinces; some prov-
inces may even have a 2-3 times difference.

Table 6.1 shows the charge of commonly used tumor markers collected nation-
wide in central provinces and cities as of December 2021. In terms of different
regions, the cost in Guangdong Province is the highest, with an average charge of
94.5 CNY for each tumor test item, followed by an average charge of 93 CNY in
Hunan Province. Zhejiang Province has the lowest cost of 47 CNY per test item.
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6.3  Main Serum Tumor Markers Approved by the Domestic
Drug Administration

As of December 2021, about 90 tumor marker manufacturers were found on the
National Medical Products Administration (NMPA) websites, with nearly 1300
registration certificates. Table 6.2 shows the leading manufacturers of tumor
markers.

In addition, the NMPA degraded the registration classification of most tumor
markers from Class III to Class II by the end of 2020 and updated the intended
use of these tumor markers. The intended use of auxiliary diagnosis has been
deleted from all Class II serum tumor markers and unified into treatment moni-
toring, efficacy monitoring, recurrence monitoring, and metastasis monitoring.
This change reflects the caution of the regulatory authorities on the definition and

Table 6.2 Leading manufacturers of tumor markers

Number of
Serial registration
no Corporate name certificates Main methodology
1 Tellgen Corporation 39 Multiplexed flow fluorescence
immunoassay, chemiluminescence
immunoassay
2 Snibe Co., Ltd. 35 Magnetic particle chemiluminescence
immunoassay
3 Autobio Diagnostics 32 Plate type luminescence assay, magnetic
Co., Ltd. particle chemiluminescence immunoassay
4 Beijing Dacheng 29 Plate type luminescence immunoassay,
Biotechnology Co., magnetic particle chemiluminescence
Ltd. immunoassay
5 Beijing North Institute | 28 Enzyme-linked immunosorbent assay,
of Biotechnology Co., chemiluminescence immunoassay,
Ltd. time-resolved fluorescence immunoassay
6 Bioscience (Tianjin) 26 Chemiluminescence immunoassay
Diagnostic Technology
Co., Ltd.
7 Suzhou Hybiome 24 Direct luminescence of acridine ester
Biomedical immunoassay
Engineering Co., Ltd.
8 Fosun Diagnostics Co., |21 Chemiluminescence immunoassay
Ltd.
9 Weihai Wego Biotech 20 Plate type luminescence immunoassay,
Co., Ltd. magnetic particle chemiluminescence
immunoassay
10 Shenzhen Mindray 20 Enzymatic reaction chemiluminescence
Biomedical Electronics immunoassay
Co., Ltd.

Note: Statistics from the official website of the National Medical Products Administration
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application of tumor markers in tumor screening and auxiliary diagnosis. Because
most tumor markers lack sufficient specificity and sensitivity in detecting early
tumors to meet clinical satisfaction, the clinical application guidelines of many
tumor markers abroad also do not support screening and auxiliary diagnosis.
However, many Chinese experts have different opinions since much valuable
information can still be obtained from detecting tumor markers in high-risk
groups. After all, laboratory tests in China are very cheap compared with those
in Europe and the United States. It is still prevalent to carry out the correspond-
ing tumor marker detection for the high-risk groups in outpatient service to assist
the diagnosis.

The point worth noting is that the guiding principles of various foreign medical
treatments are formulated in reference to the results of health economics so that they
will calculate whether it is cost-effective to invest in specific tests to decrease cer-
tain diseases’ mortality and medical insurance expenditure.

The systems of charge in China, Europe, and the United States have massive dif-
ferences. The differentiation of charges for general testing items in Europe and the
United States is about 8 to 10 times as high as that in China. It is inappropriate to
apply the guiding principles of Europe and the United States in China because
diverse charges will lead to inconsistency of health economics calculation. Among
nearly 20 serum tumor markers, alpha-fetoprotein (AFP) and prostate-specific anti-
gen (PSA) belong to Class III. The value of these two indicators in tumor screening
and early diagnosis is relatively clear, so the NMPA has preserved the two markers’
Class III registration.

Table 6.3 shows the information about the adjustment of the subcategory of
tumor markers by the NMPA.
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6.4  Market Situation of Tumor Marker Detection Reagents

Previously, radioimmunoassay, enzyme-linked immunosorbent assay, and solid
chip method were used to detect tumor markers in China. Fewer and fewer custom-
ers used these methods. At present, most customers use fully automatic chemilumi-
nescence instruments for single assay. A fully automated multiplexed bead flow
fluorescence analyzer is used in the application scenario of joint assays. Therefore,
in general, the market capacity of tumor marker detection reagents is usually calcu-
lated under the classification of luminescent immunoassay.

According to the Annual Report on the Data of Medical Device Industry in China
(2022), the chemiluminescence market in China was about 32.79 billion yuan in
2021 and is forecasted to be 40 billion yuan in 2022. At the same time, the domesti-
cally made luminescence immunoassay accounts for about 25%, and it is expected
to accelerate the domestic substitution process through centralized procurement and
other governmental policies. Among them, tumor markers account for about 35% of
the chemiluminescence market, with a market volume of about 11.5 billion. It can
be considered that Roche has been dominating the tumor marker detection market.
However, until the recent decade, domestic tumor marker manufacturers led by
Tellgen, Snibe, Mindray, and Autobio actively participated in the market. The qual-
ity and comprehensiveness are also catching up with and even surpassing oversea
companies.

6.5 Leading Domestic Manufacturers of Tumor Marker
Test Kits

6.5.1 Tellgen Corporation

Tellgen has been dedicated to tumor detection and developed products for early
tumor screening, auxiliary diagnosis, personalized medication, and prognosis judg-
ment. From the beginning, the company has been committed to the research, devel-
opment, and promotion of the unique high-throughput flow fluorescence technology.
In 2008, the company was the first to launch high-throughput joint immunoassays
of tumor markers, based on multiplex bead flow fluorescence technology. It has
industry-leading detection throughput and a comprehensive menu of tumor mark-
ers. Additionally, the company has established technical platforms covering immu-
noassay, molecular diagnostics, biochemical assay, and mass spectrometry. The
application of Tellgen products covers cancer prognosis, cardiovascular disease,
autoimmune disease, pathogen infection, and reproductive health, using multi-
plexed bead flow fluorescence, chemiluminescence, fluorescence PCR, and liquid
chromatography with tandem mass spectrometry (LC-MS-MS). Moreover, Tellgen
launched ground-breaking products, such as the first flow fluorescent tumor marker
joint assay in China, the first NMPA-approved Y chromosome microdeletion detec-
tion kit, and the SHOX?2 + RASSF1A dual gene methylation detection kit for malig-
nancy characterization of small nodules in l