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a b s t r a c t 

Objectives: We conducted a nationwide external quality assessment (EQA) study of severe acute respira- 

tory syndrome coronavirus 2 (SARS-CoV-2) nucleic acid amplification testing in Japan. 

Methods: A total of 563 public health and private sector laboratories participated. The EQA samples com- 

prised 6 RNA and full-process controls. 

Results: The overall agreements were 99.3% and 97.9% for the RNA and full-process controls, respectively. 

A total of 530/563 (94.1%) laboratories reported correct results; public health laboratories had the high- 

est accuracy. Thirty-three laboratories reported at least one incorrect result (26 laboratories of medical 

facilities, 5 commercial laboratories, 1 public health laboratory, and 1 other). Sixteen laboratories of med- 

ical facilities that used a fully automated assay system failed to detect the presence of the full-process 

control, due to inherent insufficiency in the limit of detection (LOD). Other causes of incorrect results 

included failure to ensure the LOD (n = 13), error in result judging or reporting (n = 3), and error in 

sample handling (n = 1). 

Conclusions: Performance was mostly dependent on the laboratory category and assay evaluation, partic- 

ularly the LOD. Guidance should be developed based on these results, particularly in the phase of new 

entry into laboratory services for SARS-CoV-2. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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In the ongoing outbreak of the coronavirus disease 2019 

COVID-19), access to reliable diagnostic assays and adequate test- 

ng capacity for severe acute respiratory syndrome coronavirus 2 

SARS-CoV-2) infection is essential for preparedness and response 

trategies worldwide ( World Health Organization 2021b ). In Japan, 

he standard method for the detection of SARS-CoV-2 RNA has 

een an in-house polymerase chain reaction (PCR) method de- 

eloped by the National Institute of Infectious Diseases (NIID) 
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 National Institute of Infectious Diseases 2020 ). However, govern- 

ental and public health laboratories have a limited ability to per- 

orm the volume of tests that is needed. As a result, diagnosis 

nd isolation of patients, contact tracing, and even treatment of 

ymptomatic patients may not be performed adequately. There- 

ore, rapid expansion of diagnostic testing for emerging pathogens 

nto private sector laboratories has been demanded, which al- 

ows an increase in test volume and shorter turnaround times 

 Corman et al. 2020 ; Matheeussen et al. 2020b ). 

The government has promoted the use of nucleic acid ampli- 

cation tests (NAATs), such as PCR, by implementing new mea- 

ures such as emergency approval of in vitro diagnostic devices 

IVDs) and coverage by national health insurance. A number of as- 

ay methods are covered, provided that the assay performance is 

omparable to that of the standard method, regardless of whether 

he test is an IVD or a laboratory-developed test (LDT). However, 

AATs are used in various facilities, with a number of new en- 

ries into laboratory services, and the quality and diagnostic per- 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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ormance of these tests has not been adequately validated. Further, 

he nucleic acid extraction methods, NAAT reagents, and thermo- 

yclers used differ among laboratories. 

External quality assessment (EQA) is a fundamental element 

o ensure reliable test results, especially when using Emergency 

se Authorization diagnostic kits for newly emerging pathogens 

 Matheeussen et al. 2020a ; Sung et al. 2020 ; Wang et al. 2020 ;

ischer et al. 2021 ; US Food and Drug Administration 2021 ). The 

orld Health Organization (WHO) has encouraged laboratories to 

articipate in EQA schemes for this novel virus ( World Health Or- 

anization 2021a ). Here, we present the results of the first na- 

ionwide EQA on SARS-CoV-2 NAATs, which was a commissioned 

roject by the Ministry of Health, Labour and Welfare of Japan. 

e also present data from a questionnaire survey that assessed 

he molecular testing capability of clinical laboratories conducting 

ARS-CoV-2 NAATs throughout Japan. 

ethods 

rganization and participants 

This nationwide EQA was conducted as a commissioned project 

y the Ministry of Health, Labour and Welfare of Japan (National 

nvestigation for quality control of SARS-CoV-2 nucleic acid am- 

lification tests). The Japanese Committee for Clinical Laboratory 

tandards was responsible for the EQA scheme plan and evaluation 

f the EQA results. All public health laboratories conducting SARS- 

oV-2 tests were requested to participate, and these laboratories 

ere included in the study by default. Private sector laboratories 

onducting SARS-CoV-2 tests were also recruited as participants. 

A total of 128 public laboratories performing SARS-CoV-2 tests 

articipated, including 65 regional health and environment insti- 

utes, 14 national quarantine stations, and 49 public health sta- 

ions, along with 310 laboratories in medical facilities, 107 com- 

ercial laboratories (83 registered and 24 temporary), and 18 oth- 

rs, for example, research laboratories. EQA samples were shipped 

n November 15 and 16, 2020. All participants were asked to 

ubmit all data, including test results and other information, by 

ovember 21, 2020. 

QA panel and SARS-CoV-2 testing protocols 

A positive RNA control and a pseudovirus-containing positive 

NA full-process control were used as EQA samples to evaluate 

he process of amplification and detection and the entire pro- 

ess of extraction, amplification, and detection, respectively. The 

croMetrix TM Coronavirus 2019 (COVID-19) RNA Control (Thermo 

isher Scientific Inc., Fremont, CA, USA) was used as a positive RNA 

ontrol sample. It was prepared by formulating genomic RNA from 

ARS-CoV-2 into a proprietary buffer and quantified using Bio-Rad 

Hercules, CA, USA) Droplet Digital TM PCR (ddPCR). The AccuPlex 

ARS-CoV-2 Verification Panel (SeraCare LifeSciences Inc., Milford, 

A, USA) was used as a positive full-process control sample. Non- 

eplicative encapsulated recombinant viruses were used to evalu- 

te test proficiency and accuracy through the entire process, in- 

luding extraction and amplification, and viral RNA was quantified 

sing ddPCR. The viruses were formulated in viral transport media 

hat consisted of Tris-buffered saline with glycerol, antimicrobial 

gents, and human proteins. This material must undergo extrac- 

ion, similar to that of the patient sample. 

In order to ensure the quality of EQA samples, all samples were 

andled as specified by the manufacturers, which were certified 

nder ISO 13485 (Medical devices — Quality management sys- 

ems — Requirements for regulatory purposes). All samples were 

tored at −70 °C until shipment. To validate the stability of EQA 

amples, one random panel was tested for confirmation of the 
87 
roperty as specified by the manufacturers in the EQA round, 

.e., 2 days after thawing (anticipated maximum shipping time) 

nd after further storage at 4 °C for 3 days (maximum expected 

torage time before testing at participating laboratories). To vali- 

ate the homogeneity of EQA samples, three random panels were 

ested for confirmation of the property without significant differ- 

nces among the first, the middle and last vials dispensed prior to 

istribution. 

The EQA panel was composed of six samples. SARS-CoV-2 RNA 

ontrol samples were diluted with a proprietary buffer to concen- 

rations of 20 copies/ μL (no. 1) and 10 copies/ μL (no. 2). SARS- 

oV-2 full-process control samples were diluted with a proprietary 

iluent to concentrations of 10 copies/ μL (no. 4) and 20 copies/ μL 

no. 5). Nuclease-free water was used as a negative control (no. 3 

nd no. 6). 

Protocols for SARS-CoV-2 NAATs varied among the participat- 

ng laboratories regarding the assay components, including the 

NA extraction platform, assay reagent, and instrument for am- 

lification and detection. Participants were asked to choose one 

ethod used as a mainstay of routine tests in the laboratory and 

o test the material as they would clinical samples using their rou- 

ine molecular assay workflows, with a minor modification for the 

QA. 

To ensure consistency of the EQA samples across this vari- 

ty of combinations of assay components, three core protocols 

ere prepared based on RNA extraction platforms, as follows. For 

olumn-based RNA extraction followed by amplification (i.e., PCR 

nd Loop-Mediated Isothermal Amplification, LAMP), a set of SARS- 

oV-2 RNA controls at total loads of 100 copies (20 copies/ μL) 

nd 50 copies (10 copies/ μL) and one negative sample were in- 

ut to evaluate the amplification process, and a set of SARS-CoV- 

 full-process control samples at a total load of 2800 copies (20 

opies/ μL) and one negative sample were used to evaluate the en- 

ire process. For so-called direct PCR without extraction and pu- 

ification followed by PCR amplification, the set of RNA controls 

nd the set of full-process controls at a total load of 50 copies 

10 copies/ μL) each were input. For fully automated assay sys- 

ems, SARS-CoV-2 full-process control samples at a total load of 

800 copies (20 copies/ μL) with one negative sample were in- 

ut. For SmartGene (MIZUHOMEDY Co. Ltd., Tosu, Japan), μTAS 

AKO COVID-19 (FUJIFILM Wako Chemicals Co., Osaka, Japan), 

ptima SARS-CoV-2 ( Hologic, Inc., Tokyo, Japan), and TRCReady®

ARS-CoV-2 (Tosoh Co., Tokyo, Japan) systems, a total load of 2800 

opies was directly input, since the extraction efficiency of these 

ssays was not disclosed at that time. 

istribution of EQA materials and collection of EQA results 

Sysmex Corp. (Kobe, Hyogo, Japan), which is accredited by the 

apan Accreditation Board as a proficiency testing provider under 

SO/IEC 17043, was responsible for the preparation and transport of 

he EQA material and aggregation of the EQA results. EQA samples 

ere shipped on dry ice with temperature monitoring by Timestrip 

K Ltd (Cambridge, UK). Delivery to all laboratories was completed 

ithin 12-36 h. Upon receipt, the samples were stored at 2-8 °C un- 

il use within 7 days, according to the manufacturer’s instructions. 

fter thawing, refreezing was not allowed. 

Participants were asked to submit their results and the work- 

ow, including those of the extraction/amplification reagents and 

nstruments, through the EQA program website ( https://crm.fjcl. 

ujitsu.com/certification/login _ ini.do ; CRMate, Fujitsu Ltd., Tokyo, 

apan). In addition, information on routine quality management 

n the laboratory was also collected, including laboratory accred- 

tation, qualification of personnel, standard operating procedures, 

valuation of performance parameters at implementation, and rou- 

ine quality control. 

https://crm.fjcl.fujitsu.com/certification/login_ini.do
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Table 1 

EQA Panel and Reported Results 

RNA control Full-process control 

EQA Samples 

Sample 120 cps/ μL 

(100 cps /assay) 

Sample 210 cps/ μL 

(50 cps/ assay) 

Sample 

3Negative 

Sample 410 cps/ μL (50 

cps/assay) 

Sample 520 cps/ μL 

(100 cps/assay) 

Sample 

6Negative 

Responses (n) 417 418 417 192 503 498 

Negative results (n) 1 7 416 4 18 (2) 495 

Negative results (%) 0.2 1.7 99.8 2.1 3.6(0.4) 99.4 

Positive results (n) 416 411 1 188 485 3 

Positive results (%) 99.8 98.3 0.2 97.9 96.4 0.6 

Correct results (%) 99.8 98.3 99.8 97.9 96.4 99.4 

EQA: external quality assessment; cps: copies. 
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valuating the EQA results and statistical analysis 

For qualitative evaluations, EQA participants were only asked to 

eport whether the samples were SARS-CoV-2-positive or not. Cor- 

ect results reported for each sample were evaluated for each peer 

roup and laboratory category. A peer group was defined as over 

0 laboratories using the same combination of assay kit and in- 

trument. The laboratory categories performing SARS-CoV-2 tests 

ere classified into public laboratories (regional institutes of health 

nd environment, national quarantine stations, and public health 

tations), laboratories in medical facilities, commercial laboratories 

registered and temporary), and others, for example, research lab- 

ratories. 

Statistical analyses were conducted to examine whether the 

verall EQA performance correlated with the specific technical de- 

ails provided by the EQA participants. Statistical analyses were 

erformed by means of chi-square test using a standard software 

ackage (StatFlex, version 7.0; ARTEC Co. Ltd. (Osaka, Japan). When 

eeded, the information about workflows and protocols provided 

y the EQA participants or manufacturers was reviewed to be con- 

lusive regarding applied kits or tests. If needed, participants were 

ontacted to confirm or specify the provided data and information. 

owever, the reported information was incomplete for all the par- 

icipants. Therefore, the utilized datasets differed slightly in size 

mong the statistical analyses of the different variables. 

esults 

articipating laboratories 

The extraction platforms in routine use included direct PCR 

183, 32.5%), column-based (138, 24.5%), proprietary systems (120, 

1.3%), simple direct for LAMP (54, 9.6%), magnetic bead-based (53, 

.4%), isopropyl alcohol-based (7, 1.2%), and unknown (7, 1.2%). 

Assay reagents and instruments with regulatory approval were 

sed in 304 (54.0%) and 300 (53.3%) laboratories, respectively. The 

ates of validation and verification of the assays performed at im- 

lementation were 56.0% (145/259) and 48.0% (146/304), respec- 

ively. The limit of detection (LOD) was evaluated in some regional 

nstitutes of health and environment (72.3%, 47/65), national quar- 

ntine stations (14.3%, 2/14), local public health stations (49.0%, 

4/49), medical facilities (20.3%, 63/310), commercial laboratories 

27.1%, 29/107), and others (44.4%, 8/18). The LOD was evaluated 

ignificantly more frequently in public health laboratories (57.0%, 

3/128) than in private sector laboratories (23.0%, 100/435) (p < 

.05). 

ualitative reverse transcription polymerase chain reaction (RT-qPCR) 

esults 

The overall accuracies were 1243/1252 (99.3%) for the RNA con- 

rol and 1168/1193 (98.0%) for the full-process control. The posi- 

ive agreement in each sample ranged from 96.4% to 99.8%, and 

he negative agreement ranged from 99.4% to 99.8% ( Table 1 ). A 
88 
otal of 530/563 (94.1%) laboratories reported correct results for all 

ualitative tests; the proportion was the highest in public health 

aboratories (99.2%, 127/128), followed by commercial laboratories 

95.3%, 102/107), others (94.4%, 17/18), and laboratories of medical 

acilities (91.6%, 284/310) ( Table 2 ). 

There were a total of 18 peer groups with over 10 laboratories 

sing the same combination of assay kit and instrument ( Table 3 ). 

Inconsistent results in duplicate assays of the set of SARS-CoV-2 

NA control samples (nos. 1 and 2) were reported in 1.3% (2/150) 

nd 5.3% (8/151) of tests, respectively. Assay reagents used in- 

luded the Loopamp (SARS-CoV-2) detection kit (n = 4), SARS-CoV- 

 Direct Detection RT-qPCR Kit (n = 3), and Ampdirect 2019-nCoV 

etection kit (n = 1). 

A total of 33 laboratories reported at least one incorrect result. 

ll 16 laboratories of one peer group, which were categorized as 

aboratories of medical facilities, used a fully automated cartridge 

ssay system ( μTAS WAKO g1 and μTAS WAKO COVID-19) and 

ailed to detect the presence of the SARS-CoV-2 full-process con- 

rol (no. 5) due to inherent insufficiency in the LOD. Therefore, we 

erformed further assessment of the remaining 17 laboratories for 

ualitative analysis after omitting the results from these laborato- 

ies. 

Analysis of submitted data and information acquired from in- 

erviews with the individual laboratories revealed that causes of 

ncorrect results included error in pre- or post-examination pro- 

esses, including errors in sample handling (n = 1) and result judg- 

ng or reporting (n = 3). In 13 laboratories with incorrect results, a 

ailure to ensure the LOD with or without resultant inappropriate 

udgement criteria led to incorrect results. Seven laboratories had 

alse-negative results for EQA sample no. 2, including laboratories 

sing the Loopamp EXIA/LF-160 and Loopamp (SARS-CoV-2) detec- 

ion kit (n = 3), the Takara Dice/System and SARS-CoV-2 Direct De- 

ection (n = 1), the cobas z 480 and LightMix Modular SARS-CoV 

COVID-19) (n = 1), the QuantStudio5/5Dx and LightMix Modular 

ARS-CoV (COVID-19) (n = 1), and the QuantStudio5/5Dx and NIID 

n = 1). The three assay systems yielding false-negative results for 

QA sample no. 4 included the Loopamp EXIA/LF-160 and Loopamp 

SARS-CoV-2) detection kit (n = 1), the 7500Fast (Thermo Fisher 

cientific) and SARS-CoV-2 Direct Detection (n = 1), and the 

ightCycler 96/TaqMan48 and Ampdirect 2019-nCoV detection kit 

n = 1). The assay system yielding a false-negative result for EQA 

ample no. 5 was the Smart Gene and Smart Gene nCoV Detection 

est cartridge, and two false-positive results for EQA sample no. 6 

ere produced by the Takara Dice/System and SARS-CoV-2 Direct 

etection (n = 1) and the LightCycler 96/TaqMan48 and Ampdi- 

ect 2019-nCoV detection kit (n = 1). Most of these laboratories 

sed a Ct cutoff of 40, following the manufacturer’s instructions 

5/7, 71.4%). 

iscussion 

In the ongoing outbreak of COVID-19, reliable detection of 

ARS-CoV-2 is essential for patient care and interruption of trans- 
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Table 2 

EQA Results in the Laboratory Groups 

EQA Samples 

RNA control and Reported Results Full-process control and Reported Results 

Sample 120 cps/ μL (100 

cps/assay) 

Sample 210 cps/ μL (50 

cps/assay) Sample 3 Negative Sample 410 cps/ μL (50 cps/assay) 

Sample 520 cps/ μL (100 

cps/assay) Sample 6 Negative 

Response 

(n) 

Correct 

(%) 

Neg 

(n) 

Pos 

(n) 

Response 

(n) 

Correct 

(%) 

Neg 

(n) 

Pos 

(n) 

Response 

(n) 

Correct 

(%) 

Neg 

(n) 

Pos 

(n) 

Response 

(n) 

Correct 

(%) 

Neg 

(n) 

Pos 

(n) 

Response 

(n) 

Correct 

(%) 

Neg 

(n) 

Pos 

(n) 

Response 

(n) 

Correct 

(%) 

Neg 

(n) 

Pos 

(n) 

Public health 

sector 

laboratories 

(n = 128) 

Institutes of 

health and 

environment 

61 100 0 61 62 

100 

0 62 62 100 62 0 17 100 0 17 65 100 0 65 64 98.4 63 1 

Quarantine 

stations 

14 100 0 14 14 

100 

0 14 14 100 14 0 6 100 0 6 14 100 0 14 14 100 14 0 

Public health 

stations 

49 100 0 49 49 

100 

0 49 49 100 49 0 19 100 0 19 49 100 0 49 49 100 49 0 

Private sector 

laboratories 

(n = 435) 

Medical facility 193 99.5 1 

192 

193 

97.9 

4 

189 

193 100 

193 

0 87 97.7 2 85 258 93.8 16 

242 

254 99.6 

253 

1 

Commercial 

(Total) 

87 100 0 87 87 

97.7 

2 85 86 100 21 0 56 96.3 2 54 100 100 0 

100 

100 99 99 1 

Commercial 

(registered) 

66 100 0 66 66 

98.5 

1 65 65 100 65 0 41 97.6 1 40 78 100 0 78 78 98.7 77 1 

Commercial 

(temporary) 

21 100 0 21 21 9 1 20 21 100 21 0 15 93.3 1 14 22 100 0 22 22 100 22 0 

Others 13 100 0 13 13 

92.3 

1 12 13 92.3 12 1 7 100 0 7 17 88.2 2 15 17 100 17 0 

EQA: external quality assessment; cps: copies. 
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Table 3 

EQA results in the peer groups 

RNA Control and Reported Results Full-process Control and Reported Results 

EQA Samples Sample 120 cps/ μL(100 cps/assay) Sample 210 cps/ μL(50 cps/assay) Sample 3Negative Sample 410 cps/ μL(50 cps/assay) Sample 520 cps/ μL(100 cps/assay) Sample 6Negative 

Instrument Reagent Correct (%) Neg(n) Pos (n) Correct (%) Neg(n) Pos (n) Correct (%) Neg(n) Pos (n) Correct (%) Neg(n) Pos (n) Correct (%) Neg(n) Pos (n) Correct (%) Neg(n) Pos (n) 

ABI750 0/790 0/ViiA NIID 100 0 19 100 0 19 100 19 0 100 0 1 100 0 20 100 19 0 

BioRad CFX96 Ampdirect 2019-nCoV 

detection kit 

100 0 25 100 0 25 100 24 0 100 0 24 100 0 24 100 24 0 

cobas z 480/4800 Ampdirect 2019-nCoV 

detection kit 

100 0 17 100 0 17 100 17 0 100 0 17 100 0 17 100 17 0 

cobas z 480/4800 LightMix Module 100 0 15 93.3 1 14 100 15 0 100 0 1 100 0 18 100 0 18 

GENECUBE GENECUBE 

SARS-CoV-2 

100 0 7 100 0 7 100 7 0 - - - 100 0 16 100 16 0 

LightCycler 96/TaqMan48 Ampdirect 2019-nCoV 

detection kit 

100 0 18 100 0 18 100 18 0 94.1 1 16 100 0 17 94.1 16 1 

Loopamp EXIA/LF-160 Loopamp 

(SARS- 

CoV-2) 

detection kit 

98.5 1 67 95.6 3 65 100 68 0 50.0 1 1 93.8 1 15 100 15 0 

QuantStudio3/5/5Dx Ampdirect 2019-nCoV 

detection kit 

100 0 16 100 0 16 100 16 0 100 0 15 100 0 14 100 14 0 

QuantStudio3/5/5Dx SARS-CoV-2 Direct 

Detection RT-qPCR Kit 

100 0 20 100 0 20 100 20 0 100 0 20 100 0 20 95.0 19 1 

QuantStudio3/5/5Dx NIID 100 0 37 97.3 1 36 100 37 0 - - - 100.0 0 37 100 37 0 

StepOne/ 

StepOne 

Plus 

NIID 100 0 13 100 0 13 100 13 0 - - - 100 0 13 100 13 0 

Takara Dice/System SARS-CoV-2 Direct 

Detection RT-qPCR Kit 

100 0 21 95.2 1 20 95.2 20 1 100 0 21 100 0 21 100 21 0 

BD MAX BD MAXTM ExKTM 

TNA-3 /PCR Cartridges 

- - - - - - - - - - - - 100 0 13 100 13 0 

FilmArray FilmArray 

Respiratory panel 2.1 

- - - - - - - - - - - - 100 0 15 100 15 0 

Gene Xpert Xpert Xpress 

SARS-CoV-2 

- - - - - - - - - - - - 100 0 12 100 12 0 

Smart Gene Smart Gene 

nCoV Detection test 

cartridge 

- - - - - - - - - - - - 93.8 1 15 100 16 0 

TRCReady-80 TRCReady SARS-CoV-2 - - - - - - - - - - - - 100 0 26 100 25 0 

μTAS WAKO g1 μTAS WAKO COVID-19 - - - - - - - - - - - - 0% 16 0 100 16 0 

NIID: The standard method for the detection of severe acute respiratory syndrome coronavirus 2 virus RNA, which is a PCR method developed by the National Institute of Infectious Diseases (NIID). 

EQA: external quality assessment; cps: copies; polymerase chain reaction (PCR): polymerase chain reaction. 

9
0
 



S. Asai, A. Seki, Y. Akai et al. International Journal of Infectious Diseases 115 (2022) 86–92 

m

a

f

t

a

p

i

i

S

p

m

t

n

(  

F

o

l

W

r

l

i

t

b

i

v

h

b

a

t

l

r

m

p

t

r

t

p

(  

r

f

t

i

a

p

e

d

t

f

p

o

a

w

t

f

m

p

t

r

t

S

p

m

e

i

p

W

2

t

t

p

r

c

T

s

t

t

f

t

1

w

S

d

C

s

C

a

t  

t

o

i  

p

H

o

t

s

m

t

t

t

d

S

s

e

T

t

f

l

r

t

p

t

t

A

a

F

b

i

fi

ission chains. This increase in the need for testing has led to 

n expansion in the assay systems and laboratories used to per- 

orm tests, making continuing quality improvement essential. To 

his end, we conducted a nationwide EQA of SARS-CoV-2 nucleic 

cid amplification testing in Japan, which was a commissioned 

roject by the Ministry of Health, Labour and Welfare. The EQA 

n this report is unique because of its nationwide scale, includ- 

ng both public health and private sector laboratories conducting 

ARS-CoV-2 testing. The result of this EQA was well-guided to sup- 

ort the responses of participant laboratories and others to mini- 

ize the ongoing outbreak. EQA of assay performance allows par- 

icipating laboratories to assess the quality and identify the weak- 

esses and strengths of the currently used diagnostic methods 

 Matheeussen et al. 2020a ; Sung et al. 2020 ; Wang et al. 2020 ;

ischer et al. 2021 ; US Food and Drug Administration 2021 ). Based 

n our results, a guidance document for internal process control in 

aboratory practice was developed ( Ministry of Health Labour and 

elfare of Japan, 2021 ). 

This study included both public health and private-sector labo- 

atories. The proportion of correct results was the highest in pub- 

ic health laboratories, followed by private sector laboratories. The 

ntended purposes of tests in the public health and private sec- 

or laboratories are different. Public health laboratories have long 

een responsible for performing diagnostic tests for newly emerg- 

ng pathogens and are familiar with using LDTs. By contrast, pri- 

ate sector laboratories, such as laboratories of medical facilities, 

ave a history of performing diagnostic tests using IVDs approved 

y a regulatory body, since laboratory tests performed using IVDs 

re covered by the national health insurance in Japan. Therefore, 

hese laboratories are not as familiar with LDTs as public health 

aboratories. The assay performance evaluation of LDTs and IVDs 

equires validation and verification, respectively. Performance was 

ostly dependent on the laboratory category and assay evaluation, 

articularly the LOD. In this context, the laboratory evaluation of 

he LOD was found to be significantly lower in private sector labo- 

atories than in public health laboratories. 

Most of the laboratories used a Ct cutoff value of 40, following 

he manufacturer’s instructions. However, the Ct value can vary de- 

ending on the extraction and assay reagents and the instrument 

 Engelmann et al. 2021 ; Fischer et al. 2021 ). This could increase the

isk of incorrect results in specimens with lower viral loads. There- 

ore, laboratories must evaluate the assay performance, including 

he appropriate cutoff value. 

As the performance in an EQA is the outcome of many steps 

n the entire workflow, each step of the workflow should be 

ssessed. These steps include pre-examination, examination, and 

ost-examination, for example, resuspension of the panel samples, 

xtraction method/kit used, change in nucleic acid concentration 

uring extraction, and type of NAAT assay, including the genomic 

arget and the number of different genomic targets or tests per- 

ormed. In this EQA, a positive RNA control and a positive full- 

rocess control were used as EQA samples to evaluate the process 

f amplification and detection and the entire process of extraction, 

mplification, and detection, respectively. The RNA control sample 

ith a lower viral load yielded more unstable results. This suggests 

hat reliability in terms of repeatability of the assay comes partly 

rom the amplification process itself. 

Thirty-three laboratories reported at least one incorrect result; 

ost were private-sector laboratories. Our results indicated that 

erformance was mostly dependent on the assay evaluation, par- 

icularly on the LOD at implementation. 

We developed guidelines for laboratory practice based on the 

esults of the EQA as well as a questionnaire survey that assessed 

he molecular testing capability of clinical laboratories conducting 

ARS-CoV-2 NAATs. The content of the guidelines focused on com- 

liance with requirements of the Medical Care Service Act amend- 
91 
ent for quality assurance of laboratory tests, assay performance 

valuation at implementation, quality monitoring, standard operat- 

ng procedure, personnel training on quality assurance, and com- 

etence of molecular laboratories Ministry of Health Labour and 

elfare of Japan, 2021 ; Quality Control for Molecular Diagnostics 

020 ). Laboratories that reported incorrect results on their quali- 

ative tests were asked to take corrective actions by reevaluating 

heir nucleic acid extraction protocols and internal quality control 

rocesses according to the laboratory guidance. A follow-up EQA is 

ecommended to confirm improvement to acceptable results. 

Fully automated systems are commercially available as point-of- 

are tests. The LOD can differ significantly among these systems. 

herefore, although the extraction efficiency was not disclosed for 

uch systems, a total load of 2800 copies was directly input for 

his EQA. Nevertheless, all 16 laboratories of one peer group using 

he fully automated cartridge assay system μTAS WAKO COVID-19 

ailed to detect the presence of the SARS-CoV-2 full-process con- 

rol. The LOD for this system reported by the manufacturer was 

50 copies/assay. Therefore, a cause of the false-negative results 

as attributed to inherent insufficiency in the LOD. In this study, 

eraCare’s reagents were used as the full-process control as a pseu- 

ovirus, which is classified as an alpha virus different from SARS- 

oV-2. This could have affected the EQA results. 

In Japan at the time of this study, principally an individual per- 

on did not qualify for free-cost testing unless presenting with 

OVID-19 symptoms or deemed to have been in close contact with 

 confirmed case. Therefore, when asymptomatic persons take a 

est at their own will, they have to pay for a test out of pocket in

he clinic, which generally costs $20 0-40 0. Meanwhile, a number 

f low-cost facilities have become available, offering no-frills test- 

ng for a fraction of the price at a regular clinic. Since the service is

rovided with low cost and ease of use, it is proving very popular. 

owever, whether the test has been adequately implemented and 

perated is unknown, and the quality of the test results is ques- 

ionable. Those facilities were not the targets of this EQA. An EQA 

hould enroll such low-cost facilities to assess their actual perfor- 

ance to confirm acceptable results. Continuous improvement of 

est quality of all laboratories involved in SARS-CoV-2 diagnostic 

esting, expansion of tests, and even a broad screening program for 

he population are needed to control the ongoing COVID-19 pan- 

emic. 

In conclusion, this report summarizes the nationwide EQA of 

ARS-CoV-2 NAATs, which included both public health and private 

ector laboratories. Performance was mostly dependent on the cat- 

gory of the laboratory and assay evaluation, particularly the LOD. 

his study indicates that EQAs should be performed for all labora- 

ories involved in SARS-CoV-2 diagnostic testing on a regular basis 

or the evaluation of potential weaknesses in SARS-CoV-2 molecu- 

ar testing procedures. Development and use of guidance for labo- 

atory practice based on survey results should be considered, par- 

icularly during new entry into laboratory services for emerging 

athogens, such as SARS-CoV-2. This action will help to increase 

he quality of test results and thus contribute to the quality of pa- 

ient care and interruption of transmission chains. 
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