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1.0 Objective

This document describes the partial method validation of the SARS-CoV-2
Spike-Pseudotyped Virus Neutralization Assay in 293T/ACE2 Cells for use 
with serum samples from phase 3 trial recipients of the Moderna mRNA-
1273-P301 vaccine for SARS-CoV-2. Validation was performed with serum 
samples collected 2-4 weeks post 2nd inoculation from participants in a phase 
1 trial of the identical vaccine, dose and schedule used in the phase 3 trial: �A
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Phase 3, Randomized, Stratified, Observer-Blind, Placebo-Controlled Study 
to Evaluate the Efficacy, Safety, and Immunogenicity of mRNA-1273 SARS-
CoV-2 Vaccine in Adults Aged 18 Years and Older� (IND: 19745).

2.0 Scope

This Method Validation report applies to the conduct of the experiments for 
partial validation with incurred vaccine sera in support of the �SARS-C V-2
Spike-Pseudotyped Virus Neutralization Assay in 293T/ACE2 el s  y the 
�Neutralizing Antibody Core� Laboratory, under the GCLP o rsight of he 
Quality Assurance for Duke Vaccine Immunogenicity Programs (Q VI ).
This document applies to validation of the assay for preci on  di tio l
linearity and accuracy (including verification of the L Q nd U O ).

3.0 Introduction

SARS-CoV-2, the etiologic agent of COVI  R  18.1-18.4), is one of three 
related beta-coronaviruses that have u d h gh y at ogenic epidemics in 
humans; the others are Severe Ac t  esp ato  drome Coronavirus 
(SARS-CoV) and Middle East Re pira o  Sy r e Coronavirus (MERS-
CoV), all of which are believed t  ve o i t d in bats and transmitted to 
humans through intermedia e s  8 -18.9). SARS-CoV-2 infects 
cells through binding of i s rf ce  otein to the angiotensin-converting 
enzyme 2 (ACE2) rec pt   us ti le cells. Antibodies to Spike protein 
can neutralize the ir   b o ing e try. Candidate COVID-19 vaccines 
incorporate the vi  pi  ot  with the goal of eliciting protective 
neutralizing an od s. t  h r fore critical to monitor the SARS-CoV-2
neutralizing nti  sp  in clinical trials. Assays are needed that are 
high throu put n  rously optimized and validated to facilitate vaccine 
licensu e nd implementation after completion of phase 3 clinical trials.

ModernaTX  Inc. 200 Technology Square Cambridge, MA 02139) developed 
a candidate vaccine for COVID-19 that is currently in a phase 3 clinical trial. 
The mRNA-1273 vaccine is a lipid nanoparticle (LNP) dispersion of an mRNA 
en oding the prefusion stabilized S protein of SARS-CoV-2 formulated in 
LNPs composed of 4 lipids (1 proprietary and 3 commercially available): the 
prop ietary ionizable lipid SM-102; cholesterol; 1,2-distearoyl-sn-glycero-3
phosphocholine (DSPC); and 1 monomethoxypolyethyleneglycol-2,3-
dimyristylglycerol with polyethylene glycol of average molecular weight 2000 
(PEG2000-DMG). The mRNA-1273 is provided as a sterile liquid for injection
and is a white to off- white dispersion in appearance, at a concentration of 0.2 
mg/mL in 20 mM Tris buffer containing 87 mg/mL sucrose and 10.7 mM 
sodium acetate at pH 7.5. The placebo is 0.9% sodium chloride (normal 
saline) injection, which meets the criteria of the United States Pharmacopeia 
(USP). The vaccine is administered as an IM injection into the deltoid muscle 
on a 2-dose injection schedule on Day 1 and Day 29, with at least a 28-day 
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interval between doses. Each injection has a volume of 0.5 mL and contain 
mRNA-1273 100 g, or saline placebo. Neutralizing antibodies are a 
secondary immunogenicity endpoint in the phase 3 trial.

4.0 Description of Method

Our strategy for quantifying SARS-CoV-2 neutralizing antibodies utilizes 
lentivirus particles expressing SARS-CoV-2 Spike protein on th ir surface and 
containing a firefly luciferase (Luc) reporter gene for quantitative 
measurements of infection by relative luminescence units (RL ). I fec on 
takes place in transduced 293T cells expressing high lev l  o  2 
(293T/ACE2 cells). Virus is applied to cells with or without pre ncubation with 
antibodies; neutralizing antibodies reduce infection, r sult ng in ower RLUs. 
Serial dilution of antibodies can be used to prod c  a do e-r sponse curve.
Neutralization is measured as the serum dilution a  i  U i  reduced by 
50% (ID50) and 80% (ID80) relative to mea  LU in vir s c ntrol wells (cells 
+ virus but no sample) after subtraction o  ean LU i  ce l control wells 
(cells only). Assay validation was perf d t  u n serum samples and 
monoclonal antibodies using the D G f  f h  uhan-1 Spike, which is 
the dominant form of Spike prote n  h  g ob  p demic. The assay was
performed in 96-well flat-bottom a  Po y-L-Lysine treated culture plates for 
high throughput capacity. Lu  n  RLU) was measured in 96-well flat 
bottom black/white plate  for enhan  luminescence with minimal bleed-
over. Use of a clonal c ll line provide hanced precision and uniformity.

The assay was a p e  d form ly optimized and qualified using plasmids 
and an SOP ob ed f m s. arney Graham, Kizzmekia Corbett, Nicole 
Doria-Rose, Adria  McDermott and John Mascola of the Vaccine Research 
Center, NIA , IH

The assay req  3 days:
Day 0 dilute amples, incubate with pseudovirus, add cells
Day  yse cells, add luciferase reagents, read RLU in luminometer 

All neutralization assays for this validation report were performed in 
accordance with SOP CFAR02-A0026 �Measuring Neutralizing Antibodies 
Against SARS-CoV-2 Using Pseudotyped Virus and 293T/ACE2 Cells�.

4.1 The following safety precautions were enforced in the conduct of these 
validation studies:

4.1.1 Use of universal safety precautions when handling samples. Treatment 
of all samples as potentially infectious.

4.1.2 Wearing appropriate personal protective equipment (PPE) including 
gloves, protective eye wear, laboratory coat, shoe covers and N95 mask.
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4.1.3 Handling all materials according to �Standard Operating Procedure for 
Safe Handling of SARS-CoV-2-pseudotyped Virus, Whole Blood, Serum 
and Plasma from COVID-19 Patients, and Human Cell Lines at BSL2* 
Containment Laboratory.�

4.1.4 Puromycin is toxic; avoiding exposure to eyes and skin.

5.0 Definitions

5.1 See Duke-02-MVPR-COVID0002 �Method Validation Proto l for SARS CoV-
2 Spike-Pseudotyped Virus Neutralization Assay wit  derna Pha e 1 
Samples.�

6.0 Facility Name and Address

Neutralizing Antibody Core Laboratory
SORF Building
915 S. LaSalle St
Duke University Medical Center
Durham, NC 27710

7.0 Personnel

David C. Montefio  P D. (P l Investigator)
Charlene McDan  (Seni r a  R search Analyst)
Elizabeth D  L  se h Analyst I)
Jin Tong (Lab R s r  An lyst II)
Kendall Bra e  e rch Technician II
Yund   stician)

8.0 Method V idation Dates

Sta t Da e: 04/Nov/20
End te  14/Nov/20

9.0 agents and Materials

9.1 See Duke-02-MVPR-COVID0002 �Method Validation Protocol for SARS-CoV-
2 Spike-Pseudotyped Virus Neutralization Assay with Moderna Phase 1 
Samples.� All neutralization assays were conducted in accordance with SOP 
CFAR02-A0026 �Measuring Neutralizing Antibodies Against SARS-CoV-2
Using Pseudotyped Virus and 293T-ACE2 Cells.�.
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10.0 Equipment

10.1 See Duke-02-MVPR-COVID0002 �Method Validation Protocol for SARS-CoV-
2 Spike-Pseudotyped Virus Neutralization Assay with Moderna Phase 1 
Samples.�

11.0 Test and Control Articles

11.1 Incurred Serum Samples from Vaccine Recipients

Serum samples (  aliquots) from  participants in the Mod r a p e 
1 trial of mRNA-1273 vaccine for SARS-CoV-2 (Proto o  0-0003) were 
obtained from  and received by r. Montefio i s laboratory 
on September 16, 2020. The serum samples we e ll ct d  we ks post 
2nd inoculation (Day 57) from participants in  has  1 tr  f the identical 
vaccine, dose and schedule used in the phase 3 t ial, nd re resent high, 
medium and low neutralization titers. Th  mple  we e s ored at -80oC,
thawed and heat-inactivated for 30 mi ut  t 6oC on September 18, 2020. 
The heat-inactivated samples were s or   4oC until assayed. Testing also 
did not begin within  of th w   samples (see Deviation 19.1).

11.2  Positive Control

 was obtained from Dr  e nidas tamatatos and Kristen Cohen, Fred 
Hutchinson Cancer a  en  Vaccines and Infectious Diseases 
Division, Seattle, WA. T s is a human monoclonal antibody that binds an 
epitope in the receptor bindi  domain (RBD) of the Spike protein. The 
antibody wa  

Acceptable ranges for 
ID50 and ID80 e e s ablished as described in �Reagent Qualification 
Testing e :  as a Positive Control for SARS-CoV-2 Neutralization 
Assays in 29 T/ACE2 Cells� (see Attachment 20.1).

 wa  used as a positive control in place of  for Experiment 
#1 because  was not qualified in time (see Deviation 19.2).
Experi nt #1 was originally scheduled to begin after the qualification of 

was completed. Operation Wrap Speed instructed the lab to 
begin validation experiments sooner than originally scheduled.  was the 
only positive control qualified at the time Experiment #1 was performed. 

 qualification was completed in time for Experiment #2.

11.3 Positive Control

 is comprised of human monoclonal antibody DH1043 
(Ab026116-LS)  
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Experiment #2. DH1043 is a potent SARS-CoV-2 neutralizing antibody that 
was isolated from PBMC of a COVID-19 convalescent individual by Dr. 
Barton Haynes at the Duke Human Vaccine Institute, Duke University Medical 
Center. Antibody IgH and IgK/L genes were recovered from single-cell sorted 
cells and cloned into human IgG1 constant region backbone. The antibody is 
IgG isotype, RBD-specific and ACE2-blocking  It was produced and QC�d by 
the Duke Protein Production Facility (see Attachment 20.2).  

 
) (see c m t 

20.3).  
 

Acceptable range  f r I 50 d I 80 
were established as described in �Reagent Qualifica i  e   
as a Positive Control for SARS-CoV-2 Neutraliza i n Assa s in 2 3T/ACE2 
Cells� (see Attachment 20.4).

12.0 Validation Parameters and Pre-set Ac ptance Criteria 

Table 1. Validation parameters and pre-se  a ept n e cr ria.
Parameter Acceptance Criter a
Accuracy

Precision

Limits of 
Quantitation

The pper and lower limits or quantitation will be defined as the 
highes  nd lowest ID50 and ID80 titers measured in the 
provided sample set that meet all acceptance criteria for 

Dilutiona  inear ty he ID50 and ID80 neutralizing activity of serum samples is 

13.0 Validation Experiments

13.1 Experiment 1 � Range and Repeatability
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The  serum samples (heat-inactivated at 56oC for 30 minutes) were 
assayed  The assays used
a 1:20 start dilution and a 5-fold dilution series for 8 dilutions total.  was 
assayed on  as a positive control. ID50 and ID80 titers were
recorded and used to determine the range of values.

13.2 Experiment 2 � Dilutional Linearity, Precision and Limits of Quantit n

14.0 Validation Results

14.1 Range and Repeatability

Results of the  serum mples assayed  are shown in Figure 1.
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Figure 1. Neutralization r l s f  er m samples from  vaccine recipients in 
Moderna phase 1 t ial of the OVI -19 vaccine mRNA-1273. Top: ID50 (left) and ID80 
(right) titers of  or each sample. Bottom: Corresponding %CVs with a 
horizontal dotted li e signating e acceptable limit.
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 (Table 3).  

Table 2: Summary of  

Table 3: Summa  o  I 8  t ters and percent coefficient of variation 
(%CV) for the e i ion of i termediate precision (inter-operator) and 
repeatabilit  tra ass y) of the assay.

14.3 Dilutional Linearity and Limits of Quantitation

As shown in Table 4,  
 in Experiment #2 ranged from  
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e esti ion o  i testi ation of i
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Table 4. Summary of ID50 and ID80 titers and percent coefficient of variation (%CV) o   
estimation of dilutional linearity of the assay.

V) for t e for t
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Figure 2. Dilutional linearity of neutralizing activity. Assays were pe forme  i h di utions of 
Results are shown nly or rs th t were in the 

detectable range . Each datapoint is the mean ± SD.

14.4 Accuracy

All experimental results for precision a d earit  s d the pre-set criteria.

15.0 Statistical Analysis of Re u  

 software was used to plot  

16. Conclusions

All pre-set acceptance criteria for accuracy, precision, and limits of 
quantitation in Table 1 were met in these experiments except for the 
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17.0 Plan for Storage and Archival of Validation Data

All electronic validation data will be stored as electronic files on a secure 
server at Duke University Medical Center. File identifiers and contents will be 
described in a Table that makes reference to the specific assay parameter 
addressed by the data. Paper records will be archived by QADVIP following 
SOP QADVIP-M008.
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Method Validation Report for SARS-CoV-2 Spike-Pseudotyped Virus Neutralization 
Assay with Moderna Phase 1 Samples

Duke-02-MVR-COVID0002 Version: 1.0 Page 14 of 14

3128(1920)30072-X, doi:10.1016/j.chom.2020.02.001.

18.10 Duke-02-MVPR-COVID0002 �Method Validation Protocol for SARS-CoV-2
Spike-Pseudotyped Virus Neutralization Assay with Moderna Phase 1 
Samples.�, version 1.0

18.11 SOP CFAR02-A0026 �Measuring Neutralizing Antibodies Against SARS-CoV-
2 Using Pseudotyped Virus and 293T/ACE2 Cells� 

18.12 SOP QADVIP-M008 �Archives�

19.0 Deviations

19.1 Deviation 02-3VP: The  portion of expe ment 1 of the Method 
Validation Protocol for SARS-CoV-2 Spike-Pseudoty ed ru  Neutralization 
Assay with Moderna Phase 1 Samples,(Du -MVPR COVID0002) was 
not able to be performed due to the sam le  b in  vio sly 

 Testing also did not begin  the samples 
(electronic record in ).

19.2 Deviation 02-2VP: In the Meth d a id i n t col for SARS-CoV-2 Spike-
Pseudotyped Virus Neutraliz ti  y i  oderna Phase 1 Samples, it 
was planned that  ntrol  used.  However, for experiment #1, 

of  was no  co e (electronic record in ).

20.0 Attachment

20.1 Reagent st  Q t on Report: as a Positive Control for SARS-
CoV-2 Ne tr l ion Assays in 293T/ACE2 Cells

20.2 Certificate of A alysis of human monoclonal antibody DH1043 (Ab026116-
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20 Ce tificate of Analysis of  

20.4 Reag nt Qualification Report:  as a Positive Control for SARS-
CoV-2 Neutralization Assays in 293T/ACE2 Cells
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Reagent Qualification Testing Report:  
 as a Positive Control for SARS-CoV-2 Neutralization Assays in 293T/ACE2 Cells  

 
I. Objective:  
This document describes the qualification of  as a positive control for SARS-CoV-2 Spike-pseudotyped 
virus neutralization assays in 293T/ACE2 cells. The reagent is intended to be used in part to determine the 
acceptability of assay results. 
 
II. Scope:  
This Report applies to experiments used to define the acceptable ranges of IC50 and IC80 neutr z  values 
for the positive control reagent . The work was performed by the �Neutralizing Anti  C re� 
Laboratory, under the GCLP oversight of the Quality Assurance for Duke Vaccine I ge  P ams 
(QADVIP). 
 
III. Reagent Description:   

 is a monoclonal antibody isolated from a patient infected with SAR V 2  inds an epitope in the 
receptor binding domain (RBD) of the SARS-CoV-2 Spike protein (1).  he an ody s btained from Drs. 
Leonidas Stamatatos and Kristen Cohen, Fred Hutchinson Cancer es  Cente , V ines and Infectious 
Diseases Division, Seattle, WA, USA.

IV. Reagent Preparation and Storage:   
The antibody arrived at the Duke University Medical en er n J  25  2020 on dry ice (temperature 
confirmed upon receipt: -79.6°C). It was received by Kr ty ng and stored immediately at -80 C in room 133 
freezer (GCLP 06-00-12).  
 
On July 10, 2020 the antibody was placed at C  m 15 G LP refrigerator 04-02-19.  On July 13, 2020 it 
was  by Jin Tong and stored at  in room 215 
GCLP refrigerator 04-02-24.  On Jul  28  0 0   

 by Jin Tong and s d i i e y t in room 215 GCLP freezer 06-02-23.  
  
The reagent  

 
 
Table 1. Materials. 

 
V. Establis  ceptable Ranges 
Neutralizati  a s  were conducted in accordance with SOP CFAR02-A0026 �Measuring Neutralizing 
Antibodie  gainst SARS-CoV2 Using Pseudotyped Virus and 293T/ACE2 Cells� using the Spike pseudotyped 
virus CoV- 93T/17.  The assays were performed between July 16, 2020 and 
August 31, 2020 by  

 
  The acceptable ranges reflect a    
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Table 2.  IC50 and IC80 values. 

       
Table 3.  Acceptance Crit ria. 

V  IC50 (ug/ml) Acceptance Criteria (ug/ml) 
CoV-2  

us  IC80 (ug/ml) Acceptance Criteria (ug/ml) 
CoV-  

 

VI. Trendli e Analysi  
The positiv  co ol data for  were analyzed for consistency in accordance with SOP CFAR02-D0004 
�An lysis and Tracking of Positive Control Trendlines in Neutralizing Antibody Assays.�  Figure 1 shows the 

 plot for IC50 values and Figure 2 shows the  plot for IC80 values.  The
 plots ere visually checked for violations of standards based on the .  No errors were 

observed.  The Quality Control Checklists for Analysis of Positive Control Trendlines can be viewed in 
Attachment #1 and Attachment #2.   
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Figure 1.  Plot � IC50 Values 

Figure 1.  Plot � IC80  
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Certificate of Analysis 

Antibody name:   

Lot #:    

Date of Manufacture:  

Concentration:                    

 

Description: 

 

 

 

Quality of Antibody: 

Sterility st Result 

 

Sterility Sterility TestTe
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Additional Notes: N/A 

Viral Inactivation: This Material has not underg  a  s o n ctivate potential viral contaminant and should 
therefore be handled at the discretion of the s r. 

Disclaimer:  This Material meets the re    y in effect at the time of release. 

This Material is for in vitro researc  u  on y nd i   not intended for use in humans.   This material is experimental 
in nature and is likely to have h  r .  T e Material and associated information are provided without 
any warranties, express or im l ed, cludin  ny warranty of merchantability or fitness for a particular purpose, or 
that the use of the material and s oci d info ation will not infringe upon any patent, copyright, trademark, or 
other rights, or that th  at rial will t pose a health or safety risk. 

In no event shall Duk  Uni ers ty (i clud ng the Protein Production Facility) be liable for any use by the recipient of 
the Material or f   l s  c , damage, or liability of any kind or nature that may arise from or in connection with 
the use, handling, tora e  r di posal of the Material�. 

PPF Signatur :  

_______________________ _____________________   

(Print d name)                                      (Signature)                                                    (Date) 

 

QA Signature:  

_________________________________________________________________________   

(Printed name)                                      (Signature)                                                    (Date) 

_____________________________________________________ ____________________________________ 3 Oct 2020James Pea ck

Signature on file with QADVIP (12/Oct/2020)
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Reagent Qualification Report:  as a Positive Control for 
SARS-CoV-2 Neutralization Assays in 293T/ACE2 Cells 

I. OBJECTIVE 

This document describes the qualification of  as a positive control for SARS-CoV-2 Spike-
pseudotyped virus neutralization assays in 293T/ACE2 cells. The reagent is intended o be u ed in part 
to determine the acceptability of assay results. 

II. SCOPE 

This report applies to experiments used to define the acceptable ranges of  nd 80 neutralizing 
values for the positive control reagent . The work was perf med by he �Neutralizing 
Antibody Core� Laboratory in the Surgical Oncology Research Facil y, u r h  G L  oversight of the 
Quality Assurance for Duke Vaccine Immunogenicity Programs (QA VIP). 

III. REAGENT DESCRIPTION 

 is comprised of human monoclonal antibod  DH  a  alled: Ab026116_LS/293i) 
 Ab02611 _ 29   a e t SARS-CoV-2 neutralizing 

antibody that was isolated from PBMC�s of a COVID- 9 c n a sce t individual by Dr. Barton Haynes in 
Duke Human Vaccine Institute, Duke Univer it  ica  en . Antibody IgH and IgK/L genes were 
recovered from single-cell sorted cells and oned t  n IgG1 constant region backbone. The 
antibody is IgG isotype, receptor bindin  domain (R - ecific and ACE2-blocking. It was produced 
and QC�d by the Duke Protein Pro t  a  (see Attachment #1). The protein was produced in 
293i cells by transient transfection, urifie  ng P otein A chromatography. The protein was further 
purified by FPLC Size Exclusion Ch atography, filtered using  filtration, and stored in  

  
 

(see Attachment # ).   

IV. REAGE T A I N AND STORAGE  

The  shipmen    was received by Charlene McDanal on 16/SEP/20; the  was 
received  and i ediately placed in  in Cold Room 133, Surgical Oncology 
Res  Faci y   

To deter ine fit f r-purpose, the  was tested for  
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Ab026116_LS/293i (also called: DH1043) was received frozen from the Duke Human Vaccine Institute 
Protein Production Facility on 18/SEP/20 by . Shipment was processed and placed 
immediately in -80°C (Rm 133 freezer GCLP 06-00-12) until  reagent preparation date on 
22/OCT/20 (See Attachment #4). 

On 09/OCT/20  
 

 
Francesca Suman.  

 

TABLE 2. MATERIALS 

V. ESTABLISHING ACCEPTABLE RANGE

Neutralization assays were conducted in acco d c  it  O  FAR02-A0026 �Measuring Neutralizing 
Antibodies Against SARS-CoV2 Using Pseud t ed Virus an  293T/ACE2 Cells� using the Spike 
pseudotyped virus CoV-2 VRC7480.D61 G.
between October 27, 2020 and Novembe   202  y  

Antibody Name Production Date 
Concen n 

g/m  
Lot  No. 

Ab026116_LS/293i (DH1043) 
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cordance with SOP Ccordance with SOP C
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TABLE 3.  ID50 AND ID80 VALUES 

TABLE 4.   C EPTANCE CRITERIA. 

 oV-  
 ID 0:  Acceptance Criteria:  
 ID80:  Acceptance Criteria:  

VI. TRENDLINE ANALYSIS

The positive control data for  were analyzed for consistency in accordance with SOP 
CFAR02-D0004 �Analysis and Tracking of Positive Control Trendlines in Neutralizing Antibody Assays.�  
Figure 1 shows the  plot for ID50 values and Figure 2 shows the  plot for 
ID80 values.  The  plots were visually checked for violations of standards based on the 

 No errors were observed. The Quality Control Checklists for Analysis of Positive 

oV

 ACCA
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Control Trendlines can be viewed in Attachment #5 and Attachment #6.   

FIGURE 1.   PLOT � ID50 VALUES 
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FIGURE 2.   PLOT � ID80 VALUES 
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