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BRIEF INTRODUCTION

(COLLOIDAL GOLD METHOD)
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Founded in November 2013, BIOHIT Healthcare (Hefei) Co., Ltd. has always been committed to the development and application of in vitro diagnostic technology. The Company
obtained the Medical Device Production License in 2016, and operates in strict accordance with the 1SO13485 quality management system. Through years of development, the Company has
formed a complete industrialized system for the development, production and sales of in vitro diagnostic reagents and supporting instruments. The 15 existing products have obtained CFDA
and CE certifications, and two of them are the first in the world. The Company is positioned in the preventive medicine field. Since its inception, the Company has carried out long-term
strategic cooperation with BIOHIT Qyj, a leading biomedical company in Finland. Through independent innovation, the in vitro diagnostic technology of digestive diseases represented by
serum gastric functions has reached the internationally advanced level. In June 2018, the Company completed the acquisition of Finnish BIOHIT Oyj and became the largest shareholder of
BIOHIT Oyj, a listed company. Through this merger and acquisition, the Company has further improved the industrial chain and laid the foundation for opening up the global market. In 2016,
the Company established an academician workstation to develop new tumor markers. Meanwhile, by cooperating with Germany’s ScheBo-Biotech AG, the Company establish a diagnosis
system based on digestive diseases. BIOHIT Healthcare (Hefei) Co., Ltd. makes continuous innovation in the field of preventive medicine, and offers considerate health care services.
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.I Overseas customers

The countries that
use BioHit Antibody
Text kit include:
England
Finland
Germany
Romania
Netherland
Greece
Canada
Bangladesh
The USA
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MSDS

Material Safety Data Sheet: ) g
\ ¥/ / By Air

1. Chemical product and company identification\"/ 5~~~ ,/r" ll||||||||mm|l|||]“||ﬂ|m
Product name:SARS-CoV-2 IgM/IgG antibody test kit (Colloidal Geld.Met6d) N0.2020150461
Producer:Biohit Healthcare(Hefei)Co.Ltd.

AP PR . s
Address: Buiding D9, Innovation park west WangJiang Road No.800 HeFei 230088 , AnHui . CNAS ., 'L% % 3z, !ﬁij' %S 14'- = ,ri ”‘E?
v Qus enT

|
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2. Information of product Certification
Main components: Sodium Phosphate Dibasic :
Purpose: SARS-CoV-2 IgM/IgG antibody test kit (Colloidal Gold Method) is suitable for for Safe Transport of Chemical Goods

qualitative detection of SARS-CoV-2 IgM and 1gG antibodies in human serum,plasma and
whole blood in vitro.
Molecular weight: 177.99

Chemical formula: NazHPOs2H20 AEBR R TE 4D

CAS No:10028-24-7

ML . FEBRA (SARS-CoV-2) [eW/IeGHRIRAME (1l
7 i g &%)

3. Hazards identification 2
This substance is considered to be non-hazardous for transport. Sample Name: SARS-CoV=2 1gW/156 3T

4. first aid measures T !
Skin exposure:None bl A5 : kB EMERR (& g
Eye exposure:Rinse with plenty of water é‘;}{‘$
Ingestion:None

First aid facilities:Not applicable \O" &L_}-t;?,'j_ 5 SE A OREE BASH]

advice to doctor:None ~

5. Fire fighting measures A f
Suitable extinguishing media:None {
SPECIAL RISKS:None

Wear self-contained breathing apparatus and protective clothing and gloves:None

6. Accidental Release measures

Personal precautions such as:ues gloves and mask
Environmental precautions such as:clean up material and forward to an approved disposal A\
site.

R
dﬁanghal Research Institute of Chemical Industry Testing Co., Ltd

7, Handling and storage

Handling:keep in a tightly closed container. & B =
Storage:Store at room temperature. By Air By Air
Do not be exposed to sunlight.
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AR IR BE (SARS-CoV-2) 1gM-1gGC #a ik 5] & reference
3 § 4 e
(Rt RAERKHRE FA 3 4 oMk SARS-CoV-2 HifA ML RIRIAMIR S % 1T
SARS-CoV-2 IgM/IgG ANTIBODY TEST KIT RIE B, SHSHRERN 1 RN H AP, 2
Sensitivity Three samples of SARS-CoV-2 antibody Sensitivity reference s

(Colloidal gold method) Quality Control Certificate

were tested once, and the results should be positive.

‘ R ANREOKFRIS 2% AT, HRIRAMBIER R

e : W it —
) SA200301 202003.23 R PR Paiss
Lot No. Report date | Repeatability | The test is performed with a reference, and the results should
Ca=E N E om iform i
oy S5 BT (be positive and uniform in color.
Production Date Expiry date 2. e LR TR .
R S5H Lot gk ‘ Conclusion: |The product meets all the criterion. ‘
Inspection Item Criterion ‘ (Pass/Fail) B A \ FHA HAEA
- WA AR SRR, . . ; Checkedby | BA A Reviewed by Bl Approved by Jin
bR i
i Each component of the test kit should be complete; the label Pass FI 4B F1 81 H#
Exterior | i
should be clear, accurate and firm. Date 2020 "5‘15 Date ‘ .05, )‘s Date Jo. 03, )’-S ‘
B KRR B AT 2.8mm. _
Pass
width The width of the film strip is not less than 2.8mm.
BT WEARKS 17 L N AE T 10mm/min.
| Pass
Travel speed | The migration speed should not be less than |0mm / min. i
WS N ’
. B 3 £l SARS-CoV-2 MFFMMES % & PLP3 BA0H 1]
ERS i
Ry BRBRRE |
Coincidence of Pass
Three samples of SARS-CoV-2 antibody positive reference
positive i ;
P1-P3 were tested once, and the results should be positive.
reference |
S Z % | 6 Bk SARS-Cov-2 FUARMIEZ & N1-N6 &l 1 !
i DGR (2 BR /A &
&% %, RERM . BN e TR
Pass SR T X BT 76 5% 800 56U AkfE D9 Hk 230088
Coincidence of ' Six samples of SARS-CoV-2 antibody negative reference BEEBIT: 055168561563  R/EEIE: 400-990-5066 EF: 0551-68561563

negative N1-N6 were tested once, and the results should be negative. | i BIOHIT HealthCare (Hefei) Co.,Ltd. - ) .
L . { Building D9, innovation Park, No.800 West Wangjiang Road, Hefei, Anhui, 230088

Contact phone: 0551-68561563 After-sales phone: 400-990-5066 Fax: 0551-68561563
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(( pAXKS

Deutsche
Akkreditierungsstelle
D-ZM-11321-01-00

Product Service

Certificate

No. Q5 094093 0003 Rev. 01

Holder of Certificate: Biohit Healthcare (Hefei) Co., Ltd
Building D9 floor1-4, Innovation Park
West Wangjiang Road No.800
High-Tech Zones
230088 Hefei, Anhui
PEOPLE'S REPUBLIC OF CHINA

GOOD
PRACTICE OF
MANUFACTURE

Facility(ies): Biohit Healthcare (Hefei) Co., Ltd
Building D9 floor1-4, Innovation Park, West Wangjiang Road
No.800, High-Tech Zones, 230088 Hefei, Anhui, PEOPLE'S
REPUBLIC OF CHINA

Certification Mark:

tuv-sud comips-cert

Scope of Certificate: Design, Development, Production and Distribution of
Assay kits and related Control solutions based on
ELISA, I I aphic and Ct ilumi:
Method, and Fluorescence Immunoassay Analyzer

ZE ¢ CEPTUOUKAT 0 CERTIFICADO * CER"fIFICAT

A

Applied Standard(s): EN ISO 13485:2016
Medical devices - Quality management systems -

Requirements for regulatory purposes
(1ISO 13485:2016)
DIN EN ISO 13485:2016

2

ACA

1ISO PROCESS
PRODUCT

The Certification Body of TUV SUD Product Service GmbH certifies that the company mentioned
above has established and is maintaining a quality management system, which meets the
requirements of the listed standard(s). See also notes overleaf.

Report No.: SH20103205
Valid from: 2020-05-04
Valid until: 2022-04-05

C@L\/

Date, 2020-05-04 Christoph Dicks
Head of Certification/Notified Body

ZERTIFIKAT & CERTIFICATE ¢

Page 10of 1
TOV SUD Product Service GmbH + Certification Body + Ridlerstrae 65 + 80339 Munich * Germany

TOVEEED TUV SE
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EC Declaration of Conformity

According to the In Vitro Diagnostic Medical Devices Directive 98/79/EC

[
|
i
¢
\ !
{ \
G 0 o D ( Manufacturer: BIOHIT HealthCare (Hefei) Co., Ltd. i
( Address: Building D9 floor 1-4,Innovation Park,No.800 West Wangjiang f

Road, High-Tech Zones, Hefei, Anhui,PR China

European Representative: WellkangLtd

Address: 16 Castle St,Dover,CT16 1PW, UK i
! Product: SARS-CoV-2 IgM/IgG antibody test kit (Colloidal Gold Method)
Classification: Others

We, the manufacturer, herewith declare with sole responsibility that our product mentioned k
above meets the provisions of the Directive 98/79/EC of the European Parliament and of the
Council on In Vitro Diagnostic Medical Devices.

General Applicable  DIRECTIVE 98/79/EC OF THE EUROPEAN PARLIAMENT AND OF THE
Directive COUNCIL of 27 October 1998 on in vitro diagnostic medical devices

E c D E c L A RA I I o N A The above declaration of conformity is issued under the sole responsibility of the manufacturer.

OF CONFORMITY ce

Helei Amlukﬁ 2020

(Place and Date of Issue)

(0]
WX,
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S/(’ U.S. FOOD & DRUG
: ADMINISTRATION

Acknowledgment Letter

4/6/2020

Brian Yang, CEO
Beijing Tongze Medical Technology Co. Ltd

Suite 0617, 6th Floor, Building 1
Guoyingyuan, Xicheng District

PRACTICE OF

Dear Brian Yang:

M A N U F A c I U R E The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has received your submission. This submission has been assigned the unique document

control number below. All future correspondence regarding this submission should be identified
prominently with the number assigned and should be submitted to the Document Control
Center at the above letterhead address. Failure to do so may result in processing delays. If you
believe the information identified below is incorrect, please notify the Program Operations Staff
at (301) 796-5640.

Submission Number: EUA200192
Received: 4/6/2020
Applicant: Biohit Healthcare (Hefei) Co. Ltd.
u c K N o w I E D G M E N T Device: SARS-CoV-2 Antibody Test Kit (Colloidal Gold Method)
We will notify you when the review of this document has been completed or if any additional
information is required. If you are submitting new information about a submission for which
we have already made a final decision, please note that your submission will not be re-opened.
For information about CD fer to
/s da.gov/Me evices/ Regul E 2

http://www.fda.

Sincerely yours,

Center for Devices and Radiological Health

U.S. Food & Drug Administration
10903 New Hampshire Avenue
Silver Spring, MD 20993
www.fda.gov
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partment of Health & Human Services

Follow FDA | En Espaiiol

GOOD
PRACTICE OF

(pYY U.S. FOOD & DRUG I

ADMINISTRATION

Home | Food | Drugs | Medical Devices | Radiation-Emitting Products | Vaccines, Blood & Biologics | Animal & Veterinary | Cosmetics | Tobacco Products

M A N U I A c I U R E Establishment Registration & Device Listing .
FDA Home Medical Devices Databases
New Search Back To Search Results
Proprietary Name: SARS-CoV-2 Ig/1gG Antibody Test kit (Colloidal Gold
Method)
Classification Name: REAGENT, CORONAVIRUS SEROLOGICAL
Product Code: QKO
Device Class: Mot Classified
Registered EstablishMent  gioHIT HEALTHCARE (HEFEI) CO., LTD.
Owner/Operator: Biohit Healthcare (Hefei} Co.. Lid.
COwner/Operator Number: 10069805
Establishment Operations: Manufacturer
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CHINA CHAMBER OF COMMERCE FOR Sy
> IMPORT & EXPORT OF MEDICINES & HEALTH PRODUCTS A
Home About Us Events News Public Relations Analysis Members Suppllers Contact Us

B CCCMHPIE Released the Name List of Medical Devices and

Events Supplies Companies with Certification/Authorization from other
e Countries
Saturday, 25 April 2020 | Source: CHINA CHAMBER OF COMMERCEFOR IMPOR TAEXPORT OF MEDICINES &HEALTH PRODUCTS | Author:
Industry News
5 FEFER BB RPN Coronavirus Reagent Test
2 kits
IERAFREDD U RNERLT
1 Beijing Wantai Biological Pharmacy Enterprise Co., |91110114600067778R |CE
Ltd.
FHFmEPREARAT
2 91440300766350741¥ | CE
Genrui Biotech Inc.
\ JNF]
3 ZRERENNRARAT 91340225HA2TENN4SY | CE

Anhui Formaster Biosci Co., Ltd.

ZRFEETRERHARALT
4 913401005501903714 | CE
Anhui Deepblue Medical Technology Co., Ltd.

PHEEEPRAR (§1B) BRAT
5 913401000822055000 | CE
BIOHIT HealthCare(Hefei) Co., Ltd.
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[>] SARS-CoV-2 IgM/1gG ANTIBODY DETECTION [>]Operation Procedure

When body is infected with the new coronavirus, the specific protein of the virus stimulates

the immune system and lead to an antibody response, the first antibody to appear is IgM, and
then the IgG antibody. From the general process of acute infection, when the IgG antibody
appears, the concentration will continue to increase, the IgM will continue to decrease or even
disappear, and the IgG antibody will exist for a long time. The simultaneous dynamic monitor-

ing of IgM and IgG antibody

antibody detection |IgM; <—IgM+g6 — | «—— I1gG > IgMHIZE |« IgG —» ) N
' can be used in the auxiliary
3] il napsver yam diagnosis of new coronavi- 1 2 3
z v g X ) 1drop (2 10pl) whole blood, 2drops (2 80ul) Read the result
B B - rus infection. serum, plasma (dropper) Sample Buffer Within 15 minutes
!f 1 & - re-inféction
i3 :
4 g IgM

7 g I
-4 -7 0 7 14 21 28 35 42 -14 T 0O 7 14 21 28 35 ®
+ ’ days after Grset P ey o Result |nterpretat|on
© BaCk round [ A o | Positive Negative Invalid

(@)
©
(@)
©
©

(@)
©@

> SPECIFICATION

e Sample volume: 10pl

cozx

(@
cfozxz

oD ©
=z

)
cozx
— D)

(—
ooz
(—

® Rapid test time : 15mins

* Two result: IgM and IgG antibody

Coronaviruses are single-stranded, positive-sense RNA viruses

with outer membrance, which are important pathogens of verte-
brates, and can cause many acute and chronic diseases.

On February 1, 2020, the International Committee on the

’_ Taxonomy of Viruses named the new coronavirus as SARS-CoV-2. IgM(-) & IgG(-) | Negative

(_
1gM(+) & IgG(-

(

(

Storage
temperature

. uct Name Samplet ing size
Theinfected people will have acute and severe respiratory diseases, fiEcHc MPetype Rackaelnzsle ) | Positive, indication of an acute infection

E 3

Interpretation
accompanied by fever, cough, shortness of breath and dyspnea, and

of the results

Serum, Plasma, IgM(+) & 1gG(+) | Positive, indication of an ongoing infection

i 20 tests/kit 25tests/kit
Whole blood, i 2°C-30°C . -
Peripheral blood | S0tests/kit 100tests/kit

SARS-CoV-2 IgM/IgG
antibody test kit

severe cases will lead to renalfailure and even death.

o 0O @ >

1gM(-) & IgG(+) | Positive, indication of a past infection




INSTRUCTION
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SARS-CoV-2 1gM/1gG Instruction For Use

1. INTENDED USE nochromatographic method. The SARS-CoV-2 IgM/igG is

ARS-CoV- i t i
SARS-CoV-2 IgM/IgG antibody test kit {Colloidal Gold detecsed by panrGav-2recomblasntahtigenand molise

Method) isintended for the in vitro qualitative detection of anthhuman [gM/igG antibady. SARS:COV-2 IgW/IgG I the

SARS CaV-a g and 1gE antibodies fram Rumar serarm: sample reacts with SARS-CoV-2 recombinant antigen bound

plasrid and whole blocd samples to gold particles. This complex migrates along the mem-

SARS:CoVa was discovared in péumonta caused by brane and reaches the igM/1gG test line(T)which has mouse

i I I i i - - M
novel coronavirus (Corona Virus Disease 2019) in 2019 and anti human IgW/1gG antibody against SARS-CoV-2 IgM/1gG

was officially named "SARS-CoV-2" by WHO on February 11, complex.

h h i iti h Id- ARS-CoV-
2020. SARS-CoV-2 is a new strain of coronavirus that has When theresuitis posttive, the ghld-labelled S =2

r binant anti -antib lex binds to th
never been found in human body before. The common signs acamslagntantigensantibody camploubinds &

of people infected with coronavirus are respiratory symp- IgN/1gG test line(Trand:a purplish red color deveiops. When

the result is negative, the sample does not contain an
toms, fever, cough, shortness of breath and dyspnea. In g P y

more serious cases, infection can lead to pneumonia, severe
acute respiratory syndrome, renal failure, and even death.
This product is intended for the auxiliary diagnosis of
SARS-CoV-2 infection.

SARS-CoV-2 recombinant antigen-antibody complex that
can bind to the IgM/IgG test line(T}so no color becomes
visible, Development of a purplish red control line(C)guar-
antees that sample application and migration have taken

place correctly and that the test was properly performed.

2, TEST PRINCIPLE

3. KIT COMPONENTS

The SARS-CoV-2 IgM/IgG Quick test is based on the immu-

/01 02/
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SARS-CoV-2 IgM/1gG Instruction For Use
| Serial Number  Content Number 7. SAMPLE REQUIREMENTS
1 Instruction ForUse | 1Piece e Applicable to human serum, plasma or whole blood
2 Test Card 25 Cassettes samples.
2 SAple Olyant L * For whole blood sampling, it is recommended to a safety
: i 2 0ronpen lancet to make a finger prick. After puncturing the skin, use
clean gauze to wipe away the first drop of blood to avoid
4. WARNINGS AND PRECAUTIONS specimen dilution with interstitial fluid. With the patient’ s

hand pointing downward, firmly grasp the finger towards the
Samples for human serum plasma or whole blood, )

base with your thumb placed along the length of the
should be considered as potentially infectious.Operators L

patient’ s finger. Gently massage along the length of the
should wear protective clothing, masks, gloves and take ) ) . )

finger towards the tip, using a light squeeze-and-release
other appropriate safety precautions to avoid or reduce the )

motion to allow large droplets of blood to form and encour-
risk of infection. ) . . .
age continuous blood flow. If using a capillary tube or pipette

5. STORAGE CONDITIONS AND SHELF LIFE allow a large drop of blood to form, position the device

The test card is stored at 2°C-30°C, and the shelf life is 12 horizontally, and lightly touch the drop of blood (avoid

months. The test card sealed inside the aluminium foil bag touching the skin); allow the blood drop to be drawn into the
shall be used within 1 hour after opening. collection vessel by capillary action (avoid air bubbles).

e For serum and plasma samples, The samples shall be

G N THCRE B INSTRUMERID tested immediately after collection. Serum and plasma

None. samples can be stored for 5 days at 2-8°C, anticoagulant

/03 04/
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Instruction For Use

whole blood samples should not be stored for more than 24
hours at room temperature, and should not be stored for
more than 7 days at 2-8°C. If long-term storage is required, it
should be stored at -20°C. Avoid repeated freezing and
thawing of samples.

¢ Let the samples reach room temperature and mix well
before testing. When there are visible particles in the sample,
it should be centrifuged before the test to remove the precip-
itate.

o If there is a lot of lipid, hemolysis or turbidity in the
sample, please do not use the sample to avoid affecting the

result interpretation.

8. MATERIALS REQUIRED BUT NOT PROVIDED

e Sample vortex mixer

e 10-100ul pipette and tips
o Test tubes

* Sample collection tubes

e Timer

9. TEST PROCEDURES

{05

* Step 1: Take out the sample to be tested and let it reaches
room temperature. Mix the sample well before testing.

« Step 2: Open the aluminium foil bag, take out the detection
card and place it on the horizontal desktop.

» Step 3: Mark the sample number on the test card.

® Step 4: Take 10uL{(or 1 drop) of the sample to be tested
(serum, plasma or whole blood sample) from the sample
tube with the pipette and add 80uL (or 2 drops) of sample
diluent into the sample hole on the test card immediately,
and ensure that there is no bubble during the operation.

Step 5: Read and interpret the results within 15 minutes

(please take photos of the results).

10. INTERPRETATION OF THE RESULTS

10.1 | Negative: If only C-line
appears, indicating that
SARS-CoV-2 antibody is ’ === ‘
not detected, and the

result is negative:

06/

Health
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SARS-CoV-2 IgM/1gG Instruction For Use
10.2  Positive: 10.3 | Invalid result: if C- line T —rv—
‘ is not observed, it is
10.2.1 | ifboththeC-lineand the invalid whether theseis ['[m -

M-line appear, it means
that the IgM antibody
against SARS-CoV-2 is

detected, and the result | | ‘
= -
is that the IgM antibody e

is positive:

adetection line or not,
and the detection shall
be carried out again:

10.2.2 | IfboththeC-lineand the
G-line appear, it means
that the 1gG antibody
against SARS-CoV-2 is

detected, and the result | Sy il 11. LIMITATION OF THE PROCEDURES

is that the 1gG antibody 2 —

is positive: ® The results of this test are only intended to be used to
1023 | 1f the C-line. M-line and assist the clinical diagnosis.

G-line are all present, it e This product can only be used for the determination of

means that SARS-CoV-2 == =) serum, plasma and whole blood samples.

1gG and IgM antibody

staidiacted: A he i : « Affected by the minimum detection limit of the product, the

resultis that 1gG and M= negative result may be caused by the antibody concentration
IgM antibody are posi- in the tested sample is lower than the minimum detection
tive: .

limit.

/07 08/
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12. PERFORMANCE CHARACTERISTICS

» Compliance rate of positive references

Three positive references P1-P3 of SARS-CoV-2 antibody
were tested, the results are positive.
» Compliance rate of negative reference

Six negative references N1-N6 of SARS-CoV-2 antibody
were tested, and the results are negative.
¢ Minimum detection limit

Three samples of reference L1-L3 with the lowest
detection limit of SARS-CoV-2 antibody were tested, and the
results are all positive.
« Repeatability

One SARS-CoV-2 antibody positive repetitive reference
sample was tested 10 times, the results are all positive.
e Clinical Evaluation

Methods: a retrospective study was carried out with 226
samples from the First Affiliated Hospital of Anhui Medical
University, including 78 samples of other respiratory tract
infections, 108 samples of normal people and 40 samples

confirmed positive for SARS-CoV-2 infection (Recovery

/09

period sample). All samples were tested with SARS-CoV-2
IgM/igG antibody test kit(Colloidal Gold Method). The

results were as follows:

Method Clinical Diagnosis Results | Total
Results Positive Negative | Results
Colloidal Gold "o ive 39 1 40
Method IgM +
Negative 1 185 186
Total Results 40 186 226
Method Clinical Diagnosis Results | Total
Results Positive Negative | Results
Colloidal Gold Positive 39 0 19
Method IgG
Negative 1 186 187
Total Results 40 186 226
Serial Number | Reference Method ‘ Sensitivity | Specificity
COVID-19 clinical ;
SARS-COV-21EM | giaonosis results 97.5% 99.5%
covID-19 clinical | :
SARS-CoV-21gG diagnosis results 97.5% 100%

Another study showed that 40 confirmed patients were
tested with SARS-CoV-2 IgM/IgG antibody test kit at different
times after admission, and the positive rate of the antibody

test results were as follows:

10/
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Admission time 1-3day | 4-6day | 7-9day | >9day
SARS-CoV-21gM and 1gG 55% 75% 95% 97.5%
13. PROCEDURAL NOTES

¢ Read this manual carefully before using this test.

* |t needs to be tested in a laboratory with proper testing
conditions. All samples and materials in the testing process
shall be handled according to the operation specifications of
infectious diseases laboratory.

® Protect the product from moisture.

* All reagents and samples should reach room temperature
(15-30°C) before use.

® Do not use lipid samples.

e Do not use hemolytic samples.

« Do not use turbid contaminated samples.

¢ Do not dilute the sample for testing.

* Do not store this kit in frozen condition.

¢ The interpretation of the test results must be carried out
in strict accordance with this manual.

® This kit is limited to qualitative detection of SARS-CoV-2

{11

antibody in human serum, plasma or whole blood.

e False negative results will be caused when the antibody
titer in the sample is lower than the minimum detection limit
of the test or the antibody does not appear at the time of
sample collection.

* Samples with high titers of heterophilic antibodies or

rheumatoid factors may affect the expected results.

14, DATE OF ISSUE

SARS-CoV-2 IgM/IgG antibody test kit {Colloidal Gold
Method) insert.
Version 02, 22th March, 2020

15. EXPLANATION OF THE SYMBOLS USED
||

For In Vitro Diagnostic Use
Batch Code

“ | Manufacturer

ﬁ Date Of Manufacture

12/
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SARS-CoV-2 1gM/1gG Instruction For Use

| ] 16. REFERENCES
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i
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@ Do Not Use If Package |s Damaged
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Wzo Contents Sufficient For 20 Tests.
DOI:10.1001/jama.2020.1097
VS Contents Sufficient For 25 Tests [4] Zhu N, Zhang D, Wang W, et al. A novel coronavirus
from patients with pneumonia in China, 2019. NEJM.
Ww Contents Sufficient For 50 Tests

2020, 382(8):727-733. DOI: 10.1056/NEJM0a2001017.

Contents Sufficient For 100 Tests [5] Li Jin, Ye Guangming, Chen Liangjun, etc. al., Novel

coronavirus (2019-nCoV)nucleic acid detection false

negative results analysis and Countermeasures.

Caiition Chinese Journal of laboratory medicine. DOI: 10.3760/c-

ma.j.issn.1009-9158.2010.0006.
Keep Dry

Vo

® Do Not Re-use
A\

.r

/13 14/



Clinical report



Development of SARS-CoV-2 Rapid Antibody Detection Kit and

Study on Dynamic Changes of Antibody in Infected Patients

Tao Li ¥**, Lianzi Wang?, Yufeng Gao?, Xianwei Hu®, Li Wang?, Jiawang Lin?", Huihui Wang !,
Xuemei Li 1, Shubing Zhang?, Yuanhong Xu', Wei Wei®"

[

. Department of Clinical Laboratory, the First Affiliated Hospital of Anhui Medical University,
Hefei 230032, China.
. Biohit Healthcare (Hefei) Co., Ltd, Hefei 230032, China.

w N

. Department of infectious diseases, the First Affiliated Hospital of Anhui Medical University,
Hefei 230032, China.

4. Department of Respiratory and Critical Care Medicine, the First Affiliated Hospital of Anhui
Medical University, Hefei 230032, China.

. Institute of Clinical Pharmacology, Anhui Medical University, Key Laboratory of Anti-

[

inflammatory and Immune Medicine, Ministry of Education, Anhui Collaborative Innovation
Center of Anti-inflammatory and Immune Medicine, Anhui Anti-inflammatory and Immune
Medicine innovation team, Hefei, 230032, China.

Abstract

OBJECTIVE: To develop a rapid detection kit for new coronavirus antibodies and use
this reagent to study the dynamic changes of antibodies in clinical SARS-CoV-2 infected
patients.

Methods: A (colloidal gold immunochromatography), B (fluorescence
immunochromatography), and C (chemiluminescence) detection kits were developed.
After clinical evaluation, the A kit was selected as a follow-up study. Serum SARS-CoV-
2 1gM antibodies and 1gG antibodies were tested in SARS-CoV-2 infected persons and
non-SARS-CoV-2 infected persons, respectively. Positive sera of SARS-CoV-2 infected
persons were further tested for antibody titers.

Results: The sensitivity of kit A was 50%, 70%, 92.5%, and 97.5% at 1-3 days, 4-6 days,
7-9 days, and> 9 days after admission, which were significantly higher than those of B

and C kits. The specificity of A kit is 100%, but the specificity of A, B, and C kits is not

*Correspondence authors: Tao Li, E-mail: limedical1974@126.com.
Jiawang Lin, E-mail: huanglinjoe@aliyun.com.
Wei Wei, E-mail: wwei@ahmu.edu.cn.
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statistically significant. Using the A kit as a follow-up study, the positive rates of SARS-
CoV-2 IgM antibodies and IgG antibodies increased from 50% to 92.5% after 1-3 days,
4-6 days, and 7-9 days of admission, showing a clear upward trend. With the length of
admission, the titers of SARS-CoV-2 IgM antibodies and IgG antibodies in positive
specimens increased.

CONCLUSION: The positive rate and titer of SARS-CoV-2 antibody show a rapid increase
with time. For patients who are negative for the first test, they should be tested again
after 7 days. Patients who tested positive for the first time should have a titer test, and
then test the titer again after 7 days to determine whether it is a SARS-CoV-2 infection
based on the titer change. Other patients with respiratory infections had 2.5% false
positives of IgM antibodies, and 0.5% false positives of IgM antibodies in pregnant

women, which can be further confirmed by retesting after 1 week.

Background

SARS-CoV-2 is a pathogen that causes neo-coronary pneumonia. It belongs to the
genus Coronavirus B and is the seventh coronavirus known to infect humans (1). Its
genome is a linear single-stranded positive-stranded RNA with approximate 80%
homology to the SARS-CoV gene (2). After SARS-CoV-2 infection, it causes respiratory
tract inflammation, immune system disorders, and severe pneumonia. It can cause
death in severe cases, and it is prone to hospital infection during treatment, posing a
serious threat to people's life and health (3). The incubation period of the disease is
generally 3-7 days, the shortest incubation period is 1 day, and the longest incubation
period is 30 days, which is contagious during the incubation period. The disease is
mainly transmitted from person to person through droplets and contact, and there
may be a risk of aerosol transmission in closed, unventilated places (4,5). The aetiology
basis of previous clinical diagnosis is either that the nucleic acid test result is positive
or sequencing confirms that the virus gene sequence is highly homologous with SARS-
CoV-2. However, a variety of factors have led to more false negative results in nucleic

acid testing at present (6), which has a huge impact on the diagnosis of SARS-CoV-2
2



infection and epidemic prevention and control. In order to avoid the lack of evidence
for the diagnosis from a single pathology point of view, the National Health
Commission's latest announcement on March 4, 2020, "New Coronavirus Infected
Pneumonia Diagnosis and Treatment Guideline (Trial Version 7)" adds serological tests
to confirm the diagnosed cases in addition to the original pathology evidence, that is,
suspected cases plus "new coronavirus-specific IgM antibody and 1gG antibody
positive", or "new coronavirus-specific IgG antibody changed from negative to positive,
or antibody level was 4 times higher during the recovery period than the acute phase
can also be confirmed. At the same time, the exclusion of suspected cases needs to
meet the condition: two consecutive tests of the novel coronavirus nucleic acid test
are negative (sampling time interval of at least 24 hours), and the new coronavirus-
specific antibodies IgM and 1gG are still negative 7 days after the onset of illness.
Specific proteins of the new coronavirus, such as S protein or N protein, can
stimulate the immune system of an infected person to initiate an immune response,
producing virus-specific IgM and IgG antibodies. Detection of virus-specific IgM and
IgG antibodies in the serum of suspected patients by using reagents produced by
recombinant S protein or N protein antigens, can make up for the lack of pathogenic
detection in the diagnosis and exclusion of suspected cases of new coronary

pneumonia, and be effectively complementary to the pathogenic detection.

1. Materials and Methods
1.1 Choice of antigen

The SARS-CoV-2 N antigen obtained from two expression systems of PET28 vector
+ BL21 (DE3) strain, and pCMVp-NEO-BAN vector + HEK293 cell line. These are verified
by the serum of SARS-CoV-2 infected persons and non-SARS-CoV-2 infected persons.
The SARS-CoV-2 N antigen obtained from the expression system of pCMVp-NEO-BAN
vector + HEK293 cell line showed better IgM antibodies and IgG antibodies
performance than those expressed by PET28 vector + BL21 (DE3) strain in testing the

serum.

1.2 Development of kits
The research team developed three detection kits A (colloidal gold
immunochromatography), B (fluorescence immunochromatography), and C

(chemiluminescence), and evaluated the sensitivity and specificity of the three kits.

1.3 Test principle

Principle of colloidal gold immunochromatography: SARS-CoV-2 IgM / IgG was
detected using SARS-CoV-2 recombinant antigen and mouse anti-human IgM / 1gG
antibody. The SARS-CoV-2 IgM / 1gG reacted with colloidal gold-bound SARS-CoV-2
recombinant antigen in the sample. The complex is chromatographed along a
membrane and reaches a detection line (T) with a murine anti-human IgM antibody
and a murine anti-human 1gG antibody. When the result is positive, the colloidal gold
SARS-CoV-2 recombinant antigen-antibody complex is bound to the IgM or 1gG
detection line (T) and is purple-red. When the result is negative, the sample does not
contain any SARS-CoV-2 recombinant antigen-antibody complex that can bind to the

IgM / 1gG detection line (T), so the color is not visible.
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Figure 1 Colloidal gold immunochromatographic test results

Principle of fluorescent immunochromatography: SARS-CoV-2 recombinant antigen
and mouse anti-human IgM / IgG antibody are used to detect SARS-CoV-2 IgM / IgG.
In the sample, the SARS-CoV-2 IgM / IgG reacted with the microsphere-associated

SARS-CoV-2 recombinant antigen. The complex is chromatographed along a
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membrane and reaches a detection line (T) with a murine anti-human IgM antibody
and a murine anti-human IgG antibody. When the result is positive, the microsphere
SARS-CoV-2 recombinant antigen-antibody complex is bound to the IgM or IgG
detection line (T); when the result is negative, there is no microsphere SARS-CoV-2
recombinant antigen-antibody complex and IgM. Or IgG detection line (T) binding. The
more analytes in the sample, the stronger the fluorescence signal of the T line, and the
fluorescence signal intensity can be detected and analyzed by the supporting

fluorescence reader produced by Biohit Healthcare (Hefei) Co., Ltd.

Principle of chemiluminescence method: SARS-CoV-2 recombinant antigen and
mouse anti-human IgM / 1gG antibody are used to detect SARS-CoV-2 IgM / IgG. The
SARS-CoV-2 IgM / 1gG in the sample reacts with the SARS-CoV-2 recombinant antigen
bound to magnetic particles to form a complex. Under the action of a magnetic field,
magnetic particles are adsorbed to the reaction tube wall, and unbound materials are
washed away by a cleaning solution. A mouse anti-human IgM / mouse anti-human
IgG antibody HRP marker was added to form an antigen-antibody-secondary antibody
complex. Finally, an enzymatic luminescent substrate is added and the resulting

chemiluminescence reaction is measured, expressed as relative light intensity (RLU).

1.4 Verification of three kits
Verification of sensitivity and specificity of three kits using serum samples from

40 clinically confirmed COVID-19 patients and 94 non-COVID-19 populations.

1.5 Research object

40 patients with new coronavirus infection, age between 21~71, medianis 46
years ; 281 patients with other respiratory infections (including Mycoplasma
pneumoniae, parainfluenza virus, adenovirus, and influenza B virus), age between 2 to
99 years, with a median of 51 years; 252 non-respiratory patients (including 30 cases
of rheumatic immune system diseases and 20 cases of severe liver disease), aged 1 to

90 years, with a median of 50 years; 416 pregnant women, aged 18 to 34 years, with
5

a median of 27 years; 112 cases of normal physical examination population, aged 23
to 72 years, median number is 50 years old. The age distribution of each group of

people is shown in Figure 1.
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Figure 2 age distribution in five groups. A: patients with COVID-19, B: Physical
examination, C: patients with other respiratory infectious diseases, D: pregnant
women, E: patients with other system diseases

1.6 Specimen collection and processing

The type of sample used in this study was serum samples. Blood samples were
collected from patients with SARS-CoV-2 infection 1-3 days, 4-6 days, 7-9 days, and 9
days after admission. Blood samples were collected and stored at room temperature
for 30 minutes, centrifuged at 3500 rpm for 5 minutes, serum was collected, and SARS-
CoV-2 IgM antibodies and IgG antibodies were tested.

Non-SARS-CoV-2 serum are from remaining samples from clinical testing.

1.7 Antibody titer testing

The remaining serum samples of patients with non-respiratory infections were
collected, mixed and tested with a new coronavirus IgM / 1gG antibody detection A kit
to confirm as SARS-CoV-2 IgM and SARS-CoV-2 I1gG negative. COVID-19 patients' serum

samples were diluted with the negative serum collected above and then tested with



the new coronavirus IgM / 1gG antibody detection A kit until the diluted samples were

tested to be SARS-CoV-2 IgM and SARS-CoV-2 IgG negative, determine the highest

dilution factor.

Namber 1 2 3 4 S 6 7 8

dllm.mn 12 14 18 116 132 1:64 Positive serum  Negative serum
ratio control control

Negative: 50,7 100uL

serum

Positive 100uL

serum

100puL 100pL 100pL 100uL 100pL 100uL
}.\ }\ ]-\ ]-\ }\ ]-\lhrowing away

105" 1005L"  1005L°  100aL"  100aL" g0

Chi-square 8.889
p 0.003

3.333
0.06

5.271
0.016

3.720
0.04

Note: a: A kit vs B kit p<0.05
b: A kit vs C kit p<0.05

Table2 Sensitivity of A\ B. Cthree kits to detect SARS-CoV-2 IgG antibodies

Figure 3 dilution of sample
1.8 Statistical methods

x* inspection was used for comparison (chi-square test).

2. Results

2.1 Comparison of A, B, and C kits

2.1.1 Sensitivity of three kits A, B, and C to detect SARS-CoV-2 IgM antibodies and 1gG
antibodies

A, B, and C kits were used to detect IgM antibodies and 1gG antibodies in serum
samples from 40 clinical COVID-19 patients, and the sensitivity of the three kits was
calculated. The sensitivity of IgM antibody and IgG antibody detected by A kit was
higher than that of B and C kits (the results are shown in Table 1 and Table 2).

The sensitivity was calculated using IgM antibody + 1gG antibody (the specimen
SARS-CoV-2 antibody is positive when IgM antibody, 1gG antibody alone or both are
positive), the sensitivity of the A kit is also higher than the B and C kits (the results are
shown in Table 3).

Tablel Sensitivity of A, B. C three kits to detect SARS-CoV-2 IgM antibodies

Kit 1-3day 4-6day  7-9day >9day
A kit 50% 70% 92.5% 97.5%
B kit 27.5% 50%2 75%°  77.5%°
C kit 20%" 60% 75% 80%

7.

Kit 1-3day 4-6day  7-9day >9day
A kit 50% 70% 92.5% 97.5%
B kit 35% 60% 80% 85%
C kit 30% 2P 65% 87.5% 92.5%
Chi-square 9.018 0.879 2.740 4.145
p 0.018 0.083 0.105 0.116

Note: a: A kit vs C kit p<0.05, b: B kit vs C kit p<0.05

Table3 Total sensitivity of A\ B. C three kits for SARS-CoV-2 IgM antibody + 1gG

antibody
Kit 1-3day 4-6day  7-9day >9day
A kit 55% 75% 95% 97.5%
B kit 45% 65% 85% 90%
C kit 40% 70% 75%* 80%°
Chi-square 1.875 0.952 6.275 6.384
p 0.08 0.086 0.005 0.006

Note: a: A kit vs C kit p<0.05

2.1.2 The specificity of A, B, C three kits to detect SARS-CoV-2 IgM antibodies and 1gG
antibodies

A, B, and C kits were used to detect IgM antibodies and 1gG antibodies in 94
non-COVID-19 serum samples. The specificity of |, M, and I1gG antibodies and IgM
antibodies + 1gG antibodies was calculated for three, A, B, and C kits. The specificity

of the A kit is 100%, and the specificity of the B and C kits are less than 100%, but the
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difference in specificity is not statistically significant (see Table 4 for results).

Table4 The specificity of A, B, C three kits to detect SARS-CoV-2 IgM antibodies and

1gG antibodies

Kit 1gM antibody 1gG antibody IgM+1gG antibody
A kit 100% 100% 100%
B kit 98.9% 98.9% 97.9%
C kit 98.9% 100% 98.9%
Chi-square 0.000 0.000 0.339
p 0.503 0.503 0.377

Based on the overall consideration of detection sensitivity, specificity, ease of
operation, and whether or not an instrument is needed, the sensitivity of A kit is better
than that of B and C kits, and no instrument is required. We choose A kit (colloidal gold

immunochromatography) as the final kit to continue for subsequent research.

2.2 Study on Kinetics of Antibody from SARS-CoV-2 Infected Population
2.2.1 Changes in IgM antibody and IgG antibody positive rates at different times of
SARS-CoV-2 infection

From 1-3 days to 7-9 days after admission, the antibody-positive rate increased
from 50% to 92.5%, and more than 9 days after admission, the positive rate increased
to 97.5% (see Figure 4 for the results). But one patient was still negative for IgM

antibodies and IgG antibodies on day 22 after admission.
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Figure 4 Changes in IgM and IgG antibody positive rates in patients with SARS-CoV-2
infection at different days of admission

2.2.2 Changes in antibody titers of SARS-CoV-2 infected patients after admission

The titers of IgM antibody-positive patients were mainly 1-2 times on 1-3 days
after admission. Two patients had I1gM antibody titers of more than 4 times. IgM
antibody titers were mainly 2 to 8 times at 4-6 days, 2 patients had titers of more than
8 times, 7 to 9 days were mainly 2 to 16 times, and 4 patients had titers of more than
16 times, exceeding 9 days the IgM antibody titer was mainly 4-32 times, and 4 cases
reached 64 times. No patient had an IgM antibody titer exceeding 64 times. (See
Figure5A)

IgG antibody titers showed a similar trend to IgM antibody titers. (See Figure5B)

IgM Antibody titers
IgG Antibody titers

1-3 4-6 79 >9 1-3 4-6 7-9 >9
Days in hospital Days in hospital

Figure 5 IgM antibody and IgG antibody titers in patients with SARS-CoV-2 infection

on different days of admission
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2.3 Analysis of false positive rates of SARS-CoV-2 IgM antibodies and IgG antibodies in
non-SARS-CoV-2 infected people

Of the 1061 non-SARS-CoV-2 infected people, IgM test results were positive in 6
samples from other respiratory infection patients, 2 positive samples from pregnant
women, and all 8 IgM positive samples were weak positive. After 1 week, the results
were negative. (See results in Table5)

Table5 Analysis of IgM test results in 1061 non-SARS-CoV-2 infected people

Non-respiratory infection
3 252 0 252 0
patient samples

Physical examination

False
Sample

S/N Sample type IgM(+)  IgM(-)  positive
amount

rate

Samples of patients with
1 281 6 275 2.1%
other respiratory infections

2 Pregnant woman sample 416 2 414 0.5%
Non-respiratory infection

3 252 0 252 0
patient samples
Physical examination

4 112 0 112 0
sample

5 Total 1061 8 1053 0.75%

There were no false positive results of 1gG in 1061 non-SARS-CoV-2 infected
people. The results are shown in Table 6.

Table6 Analysis of IgG test results in 1061 non-SARS-CoV-2 infected people

False
Sample
S/N Sample type 1gG (+) 1gG (-) positive
amount
rate

Samples of patients with
1 281 0 282 0
other respiratory infections

2 Pregnant woman sample 416 0 416 0

13

4 112 0 112 0
sample
5 Total 1061 0 1061 0
3. Discussion

In this study, the SARS-CoV-2 N antigen obtained from two expression systems of
PET28 vector + BL21 (DE3) strain, pCMVp-NEO-BAN vector + HEK293 cell line was
verified. and was expressed. The SARS-CoV-2 N antigen obtained by pCMVp-NEO-BAN
vector + HEK293 cell line in the detection of IgM antibodies and IgG antibodies in
serum was better than PET28 carrier + BL21 (DE3) strain. It may be that prokaryotic
expression system can not form the correct formation of protein spatial structure.
Therefore, pCMVp-NEO-BAN vector + HEK293 cell line was selected to express the
antigen for subsequent research.

This project first developed SARS-CoV-2 IgM antibody and IgG antibody kits in
three methodologies: colloidal gold immunochromatography, fluorescence
immunochromatography, and chemiluminescence. After verification with SARS-CoV-2
infected persons and non-SARS -CoV-2 infected patients' serum, colloidal gold
immunochromatography kit has high sensitivity (see Table 1 and Table 2), specificity
reaches 100% (see Table 4). It is simple to operate, no instrument is required, through
comprehensive consideration, we chose the colloidal gold immunochromatography kit
as the finalized kit. The sensitivity of the chemiluminescence method kit is poor, which
may be caused by the immature development of the kit, and further technical research
is needed on magnetic bead labeling, enzyme-labeled reagent diluent formulation,
and stability.

A medical team from Guangzhou established a rapid IgM-IgG antibody detection
method and used the kit for clinical research verification. The clinical sensitivity and

specificity of the test were determined using blood samples from 397 COVID-19
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reaches 100% (see Table 4). It is simple to operate, no instrument is required, through
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as the finalized kit. The sensitivity of the chemiluminescence method kit is poor, which
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A medical team from Guangzhou established a rapid IgM-IgG antibody detection
method and used the kit for clinical research verification. The clinical sensitivity and

specificity of the test were determined using blood samples from 397 COVID-19
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patients and 128 negative patients confirmed by PCR from 8 ditferent hospitals. The
detection sensitivity was 88.66%, and the specificity was 90.63%. This study indicates
that the combined IgM-IgG test has better practicality and sensitivity than a single IgM
or IgG test (7). Our results also show that the combined detection of IgM and IgG can
increase the detection rate of infected patients (see Table 3). Guo L et al.'S report
showed that the positive rates of IgM antibodies and IgG antibodies in SARS-CoV-2
infected patients increased significantly after 7-14 days of symptoms (8).

Considering the uncertainty about the time when patients recall the symptoms,
this study used the number of days of admission as the basis for grouping. The results
showed that IgM antibodies and I1gG were 1-3 days, 4-6 days, 7-9 days, and more than
9 days after admission. Antibody positive rates were 50%, 70%, 92.5%, and 97.5% (see
Figure 4), suggesting that the antibody positive rate increased rapidly in the early
stages of infection, and antibody detection can be used as a interpretation indicator
for SARS-CoV-2 infection. However, one infected person was negative for IgM antibody
and IgG antibody at the third week. Checking the medical records, this infected person
only had a history of exposure and did not show clinical symptoms. The nucleic acid
test continued to be positive, suggesting that there was a delay in antibody production
in the individual and attention should be paid to. At the same time, we found an
interesting phenomenon, the positive rate of IgM antibody and 1gG antibody showed
a parallel rise, and further research is needed.

With the length of hospital stay, serum antibody titers of COVID-19 patients will
increase, but there are individual differences. For more than 9 days of hospitalization,
antibody titers of 70% of patients can rise to more than 4 times, and some patients
can rise to 32 ~ 64 times (see Figure 5).

The test results of 1061 non-SARS-CoV-2 infected people showed that SARS-CoV-
2 1gM showed weak positive results in 8 cases, 6 cases of other respiratory infections,
2 cases of pregnant women, and the results were reviewed after 1 week. The results
were negative. It is suggested that there are factors that interfere with the detection
of SARS-CoV-2 IgM in other respiratory infections and pregnant women, but this can

be confirmed by a retest after 1 week. Negative health checkups and patients with
13

other systemic diseases, including rheumatic immune system disease and severe liver

disease, did not affect the test results.

4. Conclusion

4.1 The positive rate and titer of SARS-CoV-2 antibody showed a rapid increase with
time. For patients who were negative for the first test, they should be tested again
after 7 days. Patients who tested positive for the first time should have a titer test, and
then test the titer again after 7 days to determine whether it is a SARS-CoV-2 infection
based on the titer change.

4.2 Other patients with respiratory infections had 2.5% false positives of IgM
antibodies, and 0.5% false positives of IgM antibodies in pregnant women, which can

be identified by retesting after 1 week.

Disclaimer: The antigen screening, methodological selection and reagent production
of this study were completed in the research and development department of Biohit
Healthcare (Hefei) Co., Ltd. Methodological evaluation and performance verification
were completed in the First Affiliated Hospital of Anhui Medical University. All authors

have no conflicts of interest.

Ethics: This study was approved by the Ethics Committee of the First Affiliated Hospital

of Anhui Medical University.

Fund: Supported by the Scientific Research Project of Anhui Province for the

Prevention and Control of New Coronavirus Pneumonia (202004a07020015)
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