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Abstract 

Background: Large‑scale detection has great potential to bring benefits for containing the COVID‑19 epidemic 
and supporting the government in reopening economic activities. Evaluating the true regional mobile severe acute 
respiratory syndrome coronavirus 2 (SARS‑CoV‑2) virus nucleic acid testing capacity is essential to improve the overall 
fighting performance against this epidemic and maintain economic development. However, such a tool is not avail‑
able in this issue. We aimed to establish an evaluation index system for assessing the regional mobile SARS‑CoV‑2 
virus nucleic acid testing capacity and provide suggestions for improving the capacity level.

Methods: The initial version of the evaluation index system was identified based on massive literature and expert 
interviews. The Delphi method questionnaire was designed and 30 experts were consulted in two rounds of ques‑
tionnaire to select and revise indexes at all three levels. The Analytic Hierarchy Process method was used to calculate 
the weight of indexes at all three levels.

Results: The evaluation index system for assessing the regional mobile SARS‑CoV‑2 virus nucleic acid testing capac‑
ity, including 5 first‑level indexes, 17 second‑level indexes, and 90 third‑level indexes. The response rates of question‑
naires delivered in the two rounds of consultation were 100 and 96.7%. Furthermore, the authority coefficient of 30 
experts was 0.71. Kendall’s coordination coefficient differences were statistically significant (P < 0.001). The weighted 
values of capacity indexes were established at all levels according to the consistency test, demonstrating that ‘Person‑
nel team construction’ (0.2046) came first amongst the five first‑level indexes, followed by ‘Laboratory performance 
building and maintenance’ (0.2023), ‘Emergency response guarantee’ (0.1989), ‘Information management system for 
nucleic acid testing resources’ (0.1982) and ‘Regional mobile nucleic acid testing emergency response system con‑
struction’ (0.1959).
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Background
Coronavirus disease 2019 (COVID-19) [1] is an infec-
tious disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) [2]. Since the 
disease was first reported, the virus has rapidly spread 
globally [3], leading to the coronavirus pandemic [4] 
and a severe global recession [5]. The global spread of 
the virus has been drastic; in particular, more than 243 
million cases have been confirmed in more than 200 
countries, including 4.9 million deaths, as of 26 Octo-
ber 2021 [6]. The infection can be spread by asympto-
matic, presymptomatic, and symptomatic infectors [7]. 
The Chinese government implemented unprecedented 
nonpharmaceutical public health measures in the 
early stages of the COVID-19 outbreak to control the 
local spread of COVID-19 and stabilise the epidemic. 
The SARS-Cov-2 virus has undergone several muta-
tions, whilst the epidemic has been expanding world-
wide, resulting in virulence alterations that impact 
illness severity around the world [8]. The introduction 
of vaccines against COVID-19 globally and in China 
has undoubtedly improved epidemiological situations. 
Nevertheless, extensive data suggests that the immune 
protection conferred by vaccines declines over time, 
allowing for the emergence of new diseases [9, 10].

Given the above background, the possibility that an 
epidemic will occur in vaccinated populations remains 
high because of the emergence of new SARS-CoV-2 
variants and postvaccination infection [11]. Imported 
SARS-CoV-2 infectors and/or contaminated commodi-
ties from abroad would bring the potential risk of the 
local COVID-19 epidemic in China. Analysing res-
piratory discharges using real-time quantitative poly-
merase chain reaction is the most reliable method for 
virus detection [12]. The goal of ‘early discovery, early 
reporting, early isolation, and early treatment’ neces-
sitates rapid and precise testing to respond effectively 
to the epidemic. Early data from the China epidemic 
supported the idea that effective and prompt testing 
would reduce the time between the start of symptoms 
and diagnosis, thereby lowering the number of severe 
and critical cases [13]. Besides, data from Brazil also 
emphasized that identifying interval time could favour 
efficiently carrying out prevention actions to contain 
the COVID-19 pandemic [14]. In summary, the case 

for mass, community-wide polymerase chain reaction 
(PCR) testing for COVID-19 of the right individuals at 
the right time remains strong.

Since the containment strategy against COVID-19 
has been adopted in China, the measure of large-scale 
PCR-based testing of SARS-CoV-2 in throat swab sam-
ples is critical for sustaining containment in mainland 
China [15], particularly for controlling numerous local 
outbreaks caused by imported viruses. For example, 
between 11 June and 14 July, 2020, 11.9 million persons 
were tested at Beijing’s Xinfadi market during the out-
break [16], contributing to an optimal balance between 
epidemic containment and economic protection in Bei-
jing [17]. In another two cases of COVID-19 epidemic 
control, 4.5 million and 10.9 million people received 
nucleic acid testing for SARS-CoV-2 virus within 5 days 
in Dalian [18] and Qingdao [19], respectively. Guangzhou 
performed a large-scale nucleic acid testing amongst 
18.7 million people within 3 days to control the spread of 
COVID-19 [20]. Between 8 and 21 August 2020, a com-
prehensive community testing approach was performed 
in Vietnam, together with an innovative sample pool-
ing mechanism, contributing to the ultimate success of 
COVID-19 control in Da Nang City [21]. New Zealand’s 
efficient mass testing contributed to the government’s 
success in curbing the spread of the coronavirus [22]. 
The significant number of asymptomatic individuals and 
evidence of substantial presymptomatic transmission 
highlighted the efficacy of mass testing in controlling the 
illness [22]. Timely and effective large-scale detection has 
great potential to bring benefits for containing the epi-
demic and supporting the government in reopening eco-
nomic activities [23, 24].

Comprehensive, active and innovative PCR testing 
strategies need heightened requirements for nucleic 
acid detection capability to respond effectively to the 
epidemic that may be caused by new SARS-Cov-2 virus 
variants. On 2 September 2020, the State Council’s inter-
agency task force released the Plan on Advancing Coro-
navirus Nucleic Acid Testing Capacity Building (the Plan) 
[25]. According to the Plan, regional mobile nucleic acid 
testing capacity is needed to ensure a highly responsive 
mobilisation mechanism; thus, all individuals residing 
in corresponding locations can receive nucleic acid test-
ing within a short period in cases when local COVID-19 

Conclusion: The evaluation system for assessing the regional mobile SARS‑CoV‑2 virus nucleic acid testing capac‑
ity puts forward a specific, objective, and quantifiable evaluation criterion. The evaluation system can act as a tool for 
diversified subjects to find the weak links and loopholes. It also provides a measurable basis for authorities to improve 
nucleic acid testing capabilities.
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patients (either symptomatic or asymptomatic ones) are 
discovered in routine screening measures under the gov-
ernment’s regular epidemic prevention strategies. Find-
ing the weak links and loopholes is critical in building 
nucleic acid testing capacity against COVID-19. How-
ever, no comprehensive and practical evaluation tools are 
available for relevant departments to find and strengthen 
the weak links of testing capacity in different regions.

Previous studies reported several challenges encoun-
tered in a massive nucleic acid testing [26–28]. Firstly, the 
time-consuming detection period and expensive testing 
reagents are the main limitations of a massive testing. In 
particular, the high cost of the detection reagent needed 
in a massive testing causes stress to a region’s economic 
budget [26]. The equipment for nucleic acid testing is 
in short because of the concurrent increase in global 
requirements. Secondly, a vast workforce is needed to 
maintain the program. The effectiveness and scope of this 
program to contain the outbreak also depend on a com-
prehensive national strategy [27]. In addition, the close 
contact between medical staff and COVID-19 infectors 
in throat swab collection increases the risk of virus infec-
tion for the staff [28]. Compared with first-tier cities, 
such as Beijing and Guangzhou, third- and fourth-tier 
cities have a relatively poor response and reaction ability 

in handling public health emergencies. Cross-infection 
of SARS-CoV-2 occurred in the several rounds of mas-
sive testing against the COVID-19 outbreak in Yangzhou, 
China, because of the lack of experience, poor planning 
and management [29]. Given the evidence mentioned 
above, the primary goal of this study was to provide a 
scientific and comprehensive evaluation index system of 
regional mobile nucleic acid testing capacity. This index 
system will help optimise relevant issues in the whole 
process of massive testing, ensure the safety of working 
staff and subjects, and avoid cross-infection. Addition-
ally, our study provides evidence for large-scale nucleic 
acid detection management in other countries.

Methods
Overview of the research process
The detailed research process was shown in Fig. 1. In this 
work, we employed a modified Delphi technique [30, 
31] to solicit input from experts on what should be used 
and prioritised as assessment indices of testing capac-
ity in the execution of large-scale COVID-19 infection 
screening at the community level. We formed a research 
group that included an epidemiologist, a health manage-
ment expert, three doctorate students, and three mas-
ter’s degree applicants. The research team was also in 

Fig. 1 Flow diagram of modified Delphi study process
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charge of creating an initial draft of the evaluation index 
system for the regional mobile testing capacity of SARS-
CoV-2 virus nucleic acid, recruiting experts and supply-
ing associated materials, reviewing expert suggestions 
and making necessary changes. We conducted the whole 
research in three steps: (1) Producing an initial draft for 
subsequent consultations: our research team advocated 
and drafted the initial version of the evaluation index sys-
tem. We built a framework referring to related standards 
obtained via expert interviews and literature review; (2) 
Expert consultations using the modified Delphi method: 
a Delphi questionnaire was designed according to the 
above framework. The two-round Delphi survey was 
conducted via email between 18 March and 1 June, 2021; 
and (3) calculation of the weight of each index using the 
Analytic Hierarchy Process (AHP): the weight was calcu-
lated to understand the importance of each index in the 
regional mobile nucleic acid testing capacity evaluation 
of the whole system.

Expert panel composition
We selected the experts by purposive sampling of those 
engaged in occupations/scientific fields related to infec-
tious disease (e.g. COVID-19) prevention and control pol-
icies, strategies and measures. According to the nucleic 
acid testing needs, experts from different cities with strict 
epidemic control requirements were selected to ensure 
that they represent a wide array of approaches, practices, 
and backgrounds. No agreement existed on the number 
of panelists needed for a Delphi [32]. The typical Del-
phi panel size was 15–60 [31]. Evidence suggested that a 
panel size of 23 participants was necessary to stabilise the 
response characteristics in Delphi surveys [33]. Thus, we 
invited 30 experts based on the inclusion criteria and our 
resources to allow attrition. This number also guarantees 
that the study could continue smoothly and release finan-
cial pressure and labour cost. We recruited 30 experts 
based on the following criteria: (1) willingness to par-
ticipate in this study, (2) a bachelor’s degree or higher, (3) 
work experience in epidemic prevention and control as a 
senior professional title or intermediate and above pro-
fessional title and (4) engagement in health management, 
infectious/chronic disease prevention, hygienic detection, 
or health emergency for more than 5 years.

Delphi questionnaire preparation
A semi-open questionnaire was prepared for expert 
consultation. It consists of three parts: (1) the general 
information about the panelists, (2) the experts’ self-eval-
uation table and (3) the main text of the evaluation index 
system. The first part was to collect information about 
the time length of working experience in infectious dis-
eases prevention and control, educational background, 

and professional title. The second phase involved gath-
ering information on the experts’ decision-making pro-
cesses and knowledge of the research topic. The third 
step involved gathering information on the indexes’ rel-
evance, operability, and sensitivity and the retention and 
deletion of relevant items and expert comments on the 
items. The ‘Importance’ dimension indicates the role of 
this index in reflecting regional mobile nucleic acid test-
ing capacity. The ‘Operability’ dimension refers to the 
content covered by the index that can be implemented 
smoothly under actual conditions. Moreover, the ‘Sen-
sitivity’ dimension refers to the content covered by the 
index that can distinguish the mobile nucleic acid testing 
capacity between regions.

Evaluation index system draft construction
This study produced a complete and practicable evalua-
tion index system for assessing regional mobile nucleic 
acid testing capacity to create a realistic and operational 
benchmark for future use at provincial, municipal and 
district-level government offices. We constructed the 
evaluation index system draft, considering three main 
aspects. Firstly, the experts from areas where large-scale 
nucleic acid testing was previously performed were con-
sulted to assess the feasibility and usefulness of the estab-
lished evaluation index method. Secondly, the Plan [25], 
the Protocol for Prevention and Control of COVID-19 
(the Protocol) [34] and the Guidelines for Organization 
and Practice of Novel Coronavirus Nucleic Acid Mass 
Testing (the Guidelines) were referred to as the basis to 
ensure the scientific and authoritative integrity of the 
evaluation index system. Thirdly, the complete guiding 
opinions offered by experts and researchers in the pub-
lished literature were employed as a reference base to 
maintain the scientific integrity of the evaluation index.

Two‑round Delphi consultation
In the two-round Delphi consultation, the panelists 
who met the inclusion criteria were consulted with the 
questionnaire delivered by email and were required to 
respond and send the filled questionnaire in 2 weeks. 
If needed, video calls were made to provide necessary 
explanations to the experts who had questions about the 
project or indexes.

Upon receiving the email, the panelists read a brief 
introduction to the study processes and definitions of 
the dimensions of ‘Importance’, ‘Operability’ and ‘Sen-
sitivity’. First, they were required to assign scores to the 
three dimensions, adding up to 100. Then, they provided 
their contact information (name and email address), edu-
cational background and familiarity (e.g. working years) 
with the research content in the questionnaire. Then, the 
importance, operability and sensitivity judgments were 
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assessed on a 10-point scale, with 1 indicating ‘abso-
lutely disagree’ (not a relevant or appropriate index) and 
10 indicating ‘certainly agree’ (relevant and appropriate 
index) to the assertions. The experts were also encour-
aged to provide any advice or comments on each index in 
the questionnaire, particularly if they disagreed with the 
drafted indexes or suggested additional indexes.

Indexes were considered to achieve consensus if the 
mean values of the importance, operability and sensitivity 
scores were all equal to or more than 7 with a coefficient of 
variation (CV) < 0.25. The indexes were removed directly 
in the case of < 7 mean scores of either two of the ‘impor-
tance’, ‘operability’, and ‘sensitivity’ dimensions or a CV of 
≥0.25. We also deleted the indexes that were suggested 
to be moved by four or more experts. In other situations 
of different opinions, the indexes were further discussed. 
Additionally, the research group further discussed expert 
opinions and then increased, merged, or modified some 
indexes. Finally, the group summarised and illustrated 
all modifications and sent the revised evaluation index 
system for the next round of expert consultation. After 
the consultation, the indexes achieving consensus were 
included in the final script of the evaluation index system 
(with minor amendments for sense only).

Reliability of the Delphi method
The positive coefficient was employed to show the enthu-
siasm and collaboration of specialists in the research 
regarding the response rate of the questionnaire. The 
questionnaire response rate was computed as the ratio of 
the number of completed questionnaires returned to the 
total number of questionnaires sent out. A response rate 
of 70% or above implied a high level of positivity amongst 
specialists [35].

The expert authority coefficient (Cr) was used to 
assess the validity of consultation results. It was cal-
culated as the average of the sum of the scores indicat-
ing the expert’s familiarity with the consulting field (Cs) 
and the category of the basis for the expert’s consulting 
answers (Ca). The experts’ familiarity was evaluated on 
a five-point scale, with scores of 0.2, 0.4, 0.6, 0.8 and 1.0 
from the lowest to the highest level of familiarity with the 
consulting field. The experts’ basis of the consultation 
was scored 0.8 in theoretical analysis, 0.6 in case of work 
experience, 0.4 in case of literature at home and abroad, 
and 0.2 in case of subjective judgment.

Kendall’s Concordance Coefficient (ω) was used to 
assess the level of coordination between expert view-
points, with a range of 0 to 1 indicating low to high levels 
of coordination [31]. The Chi-square test was used to ana-
lyse the significance of the coordination coefficient. Sta-
tistically significant results indicated that expert opinions 
are well coordinated and the outcome is trustworthy.

Weight assignment of evaluation index system
Building the model
The hierarchical structure was built according to the Del-
phi method’s requirements, including the target, crite-
ria and scheme layers [36]. The target layer in this study 
was the testing capacity evaluation system of regional 
mobile nucleic acid. The criteria layers were the first-level 
indexes established in this study. The subcriteria layers 
were the second-level indexes established in this study. 
The program layers were the third-level indexes estab-
lished in this study.

Constructing expert judgment matrix
Judgment matrix assignment is a crucial part of AHP 
[37]. It ensures the consistency of judgmental thinking. 
For each index, we calculated the mean scores for the 
‘importance’, ‘operability’ and ‘sensitivity’ dimensions. 
Then we calculated an aggregated weighted score [30] 
reflecting the combination of ratings for importance, 
operability, and sensitivity, using the formula below.

The weights of importance, operability, and sensitivity 
were calculated based on the experts’ decision-making 
and familiarity with the research content. The experts 
assigned probability scores to importance, operability, 
and sensitivity that added up to 100%. Then, the mean 
probability scores of importance, operability, and sensi-
tivity were calculated as the corresponding weights. The 
indexes in each level were compared in pairs according 
to aggregated weighted scores. Based on the judgment of 
indexes in each level, the weights of these indexes were 
calculated using the APH method [37].

Weight assignment of the index system
The above hierarchical structure pattern and judgment 
matrix were fed into the Yaahp software for analysis [38]. 
The weights of the first-, second- and third-level indexes 
were calculated using the weights of the first-, second- 
and third-level indexes. The combined weight signi-
fied that the weight distribution of the superior indices 
should be considered when determining the weight. The 
combined weight was calculated as the continuous pro-
duction of each level’s initial index weight.

Statistical analyses
Each item was described using descriptive statistics 
such as mean, standard deviation, and CV; Expert 
opinion consensus and the calculation of the posi-
tive coefficient, authority coefficient, and coordination 

aggregated weighted score = 0.39 ×mean importance

+ 0.36 ×mean operability

+ 0.25 ×mean sensitivity
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coefficients were used to test the Delphi method’s reli-
ability and validity. The consistency rate (CR) was uti-
lised to determine whether the matrix is consistent. 
All quantitative analyses used IBM SPSS Version 24. 
The hierarchical analysis was constructed based on the 
Yaahp software [38].

This study was classified as a service evaluation and 
did not require national research ethics committee 
approval (as advised by the Ethics Committee of Tongji 
Medical College of Huazhong University of Science 
and Technology). We certified that all applicable insti-
tutional and governmental regulations concerning the 
ethical use of human volunteers were followed during 
this research.

Results
Panel characteristics
In this study, we adopted two rounds of expert consulta-
tion, enrolling 30 experts in seven cities, including Bei-
jing, Nanjing, Shenzhen, Ningbo, Zhengzhou, Yichang 
and Wuhan. Amongst the 30 experts, 20 (66.7%) had a 
doctorate, 8 (26.7%) had a master’s degree and 2 (6.7%) 
had a bachelor’s degree. Eighteen experts held a senior 
title, and 12 held a vice-senior title. The mean working 
years was 22.23 years (standard deviation: 10.54, median: 
21.5, rang: 5–46) (Table 1).

Reliability of the two‑rounded Delphi consultations
The response rates of the two-round consultation were 
100 and 96.7%. Moreover, all filled questionnaires col-
lected were valid for subsequent analysis. The Cr was 
0.71 with 0.81 Cs and 0.60 Ca. The experts involved in 
this study had high authority.

The overall coordination coefficients of importance, 
operability and sensitivity were 0.243, 0.158, and 0.129, 
respectively, in the first round (Table  2). In the second 
round, the overall coordination coefficients of impor-
tance, operability, and sensitivity were 0.249, 0.217 and 
0.171. Kendall’s coordination coefficients were larger 
in the second round than those in the first round (all 
P < 0.001 by chi-square test).

Initial draft of the evaluation index system
Based on massive literature and expert interviews, the 
research generated a list of potential factors (‘indexes’) to 
cover the actual common situation related to detection 
capability. These factors were refined in a series of meet-
ings to develop the initial draft of the evaluation index 
system, including 5 first-level indexes, 17 second-level 
indexes, and 93 third-level indexes.

Revisions to the draft after the first‑round Delphi 
consultation
All of the panelists completed the expert consultation 
in the First Round. Nineteen (63.33%) experts suggested 
modifying the indexes and providing scores for each 
index at the three dimensions as ‘importance’, ‘oper-
ability’, and ‘sensitivity’. In particular, the modification 
suggestions included: (1) modifying the first-level index 
‘Testing capacity building’ to ‘Laboratory performance 
building and maintenance’; (2) merging the second-level 
indexes of ‘Daily testing personnel’, ‘Reserve testing per-
sonnel’ and ‘Mobile response testing personnel’ into one, 
i.e. ‘Testing personnel’; (3) adding relevant second-level 
indexes about sampling personnel; (4) adding a third-
level index, i.e. ‘Whether to establish an incentive and 
reward system for emergency task work’.

The means of importance, operability and sensitivity 
scores ranged from 6.83 to 9.50, 7.27 to 9.03 and 6.90 to 

Table 1 Characteristics of consulting experts using the modified 
Delphi method [n (%)]

Characteristics Round 1 
consultation

Round 2 
consultation

N 30 29

Gender

 Male 24 (80.0) 23 (76.7)

 Female 6 (20.0) 6 (23.3)

Educational background

 Bachelor degree 2 (6.7) 2 (6.9)

 Master degree 8 (26.7) 8 (27.6)

 Doctor degree 20 (66.7) 19 (65.5)

Professional title level

 Senior 18 (60.0) 17 (58.6)

 Vice‑senior 12 (40.0) 12 (41.4)

Working years

 5–9 3 (10.0) 3 (10.3)

 10–19 9 (30.0) 8 (27.6)

 20–29 10 (33.3) 10 (34.5)

 30–39 6 (20.0) 6 (20.7)

  ≥ 40 2 (6.7) 2 (6.9)

Major

 Health inspection and quarantine 7 (24.1) 6 (20.7)

 Health management 12 (40.0) 12 (41.4)

 Prevention and treatment of chronic 
diseases

21 (70.0) 21 (72.4)

 Prevention and control of infectious 
diseases

3 (10.0) 3 (10.3)

 Health education 2 (6.7) 2 (6.9)

 Medical security 1 (3.3) 1 (3.4)

 Health emergency 1 (3.3) 1 (3.4)

 Pharmacovigilance 1 (3.3) 1 (3.4)

 Nutrition and food safety 1 (3.3) 1 (3.4)
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8.50, respectively (Table 3). The CVs of importance, oper-
ability and sensitivity scores ranged from 0.09 to 0.32, 
0.11 to 0.28 and 0.16 to 0.26, respectively (Table 3). The 
minimum mean and maximum CVs were 6.83 and 0.32, 
respectively, in the third-level indexes’ importance scores 
(Table 3).

Considering the experts’ comments, the research team 
modified 12 indexes (1 first-level, 6 second-level and 5 
third-level indexes), deleted 22 indexes (2 second-level 
and 20 third-level indexes), added 21 indexes (2 second-
level and 19 third-level indexes) and merged 3 third-level 
indexes into 1. The revised version of the evaluation 
index system, consisting of 5 first-level, 17 second-level 
and 90 third-level indexes, was sent to the experts for a 
second-round consultation.

Further revisions after the second‑round Delphi 
consultation
One expert dropped out in the second-round consul-
tation; thus, 29 experts completed the consultation. 
Six (20.69%) experts suggested minor amendments to 
the present version. All means of scores for the impor-
tance, operability and sensitivity were ≥ 7, and all 
CVs were < 0.25 (Table  3). Such results demonstrated 

a consensus of experts’ opinions on the scores of the 
indexes at the three dimensions.

Eight third-level indicators were with minor changes 
based on the results of the questionnaires and group 
talks. The evaluation system for assessing the regional 
mobile nucleic acid testing capacity was constructed with 
5 first-level, 17 second-level, and 90 third-level indexes 
(Table 4).

Capacity evaluation system weight distribution
In this study, 23 judgment matrices were constructed. 
These matrices had less than 0.1 CR values in the con-
sistency test for all indexes, showing that the matrix’s 
degrees of inconsistency were scientifically acceptable. 
The weight coefficient for each of the evaluation indexes 
was calculated referring to the results of the consistency 
test, suggesting that ‘Personnel team construction’ with a 
weight coefficient of 0.2046 came first amongst the five 
first-level indexes, followed by ‘Laboratory performance 
building and maintenance’ (weight coefficient = 0.2023), 
‘Emergency response guarantee’ (0.1989), ‘Information 
management system for nucleic acid testing resources’ 
(weight coefficient = 0.1982) and ‘Regional mobile nucleic 
acid testing emergency response system construction’ 
(weight coefficient = 0.1959) (Table 4).

Table 2 The result of expert opinions’ coordination degree

Consultation Hierarchical level Importance Operability Sensitivity

Kendall’s ω χ2 P Kendall’s ω χ2 P Kendall’s ω χ2 P

Round 1 First‑level 0.029 3.441 0.487 0.069 8.229 0.084 0.043 5.191 0.268

Second‑level 0.182 73.916 < 0.001 0.066 26.63 0.021 0.076 30.959 0.006

Third‑level 0.224 494.647 < 0.001 0.168 371.40 < 0.001 0.133 293.307 < 0.001

Overall 0.243 653.795 < 0.001 0.158 424.652 < 0.001 0.129 346.789 < 0.001

Round 2 First‑level 0.085 9.913 0.042 0.127 14.759 0.005 0.167 19.329 0.001

Second‑level 0.158 73.447 < 0.001 0.107 49.531 < 0.001 0.184 85.458 < 0.001

Third‑level 0.217 539.577 < 0.001 0.216 519.392 < 0.001 0.151 363.291 < 0.001

Overall 0.249 775.325 < 0.001 0.217 651.699 < 0.001 0.171 513.160 < 0.001

Table 3 The result of expert opinions’ concentration degree

CV Coefficient of variation

Consultation Hierarchical level Importance Operability Sensitivity

Mean CV Mean CV Mean CV

1st round First‑level 8.87–9.30 0.09–0.17 8.40–9.00 0.11–0.17 7.8–8.50 0.16–0.23

Second‑level 8.13–9.50 0.10–0.19 8.33–9.03 0.11–0.19 7.53–8.43 0.18–0.26

Third‑level 6.83–9.03 0.11–0.32 7.27–9.00 0.11–0.28 6.90–8.47 0.17–0.25

2nd round First‑level 8.93–9.33 0.07–0.10 8.53–8.97 0.07–0.12 8.00–8.64 0.07–0.09

Second‑level 8.71–9.41 0.06–0.11 8.40–9.00 0.07–0.11 7.66–8.79 0.10–0.16

Third‑level 8.11–9.33 0.05–0.15 7.93–9.07 0.07–0.15 7.55–8.76 0.09–0.18
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Discussion
The testing capability evaluation index system was built 
using a modified Delphi approach in this study, includ-
ing 5 first-level indexes, i.e. ‘Personnel team construc-
tion’, ‘Laboratory performance building and maintenance’, 
‘Emergency response guarantee’, ‘Information man-
agement system for nucleic acid testing resources’ and 
‘Regional mobile nucleic acid testing emergency response 
system construction’, 17 second-level indexes and 90 
third-level indexes. The AHP approach was used to cal-
culate the weight coefficient for the three-level evaluation 
indexes. Moreover, the weight coefficient was reliable 
with consistency ratios of all less than 0.10. As policy-
makers worldwide seek to improve COVID-19 preven-
tion, detection and response amid a flare-up of cases 
driven by the highly contagious Delta variant, the intro-
duction of new nucleic acid testing programmers appears 
likely to continue. However, comprehensive and practical 
evaluation tools have not been available to monitor and 
evaluate nucleic acid testing capacity within and across 
jurisdictions. For the first time, the outcomes of this 
research provided robust references to benchmark mass 
testing capacity in China, which may then be refined 
for comparison with the outcomes from other countries 
developing and offering mass testing.

The evaluation index system for assessing regional 
mobile nucleic acid testing capacity was scientific, com-
prehensive and diversified with the following characteris-
tics. Firstly, the theoretical basis was efficient and reliable. 
The initial draft of the evaluation index system was con-
structed based on the technical specifications and laws 
and regulations promulgated by the state and literature 
reviews, with reference to the Plan [25], the Protocol 
[34] and the Guidelines. In this study, relevant panelists 
were selected based on specific features (e.g. age, profes-
sion title and working year). These panellists were influ-
ential and active in COVID-19 epidemic prevention and 
control. Our team implemented revisions provided by 
specialists from many departments and perspectives, 
thereby ensuring that the system was suited for usage 
in various places with varying epidemic risk levels. Sec-
ondly, the authority coefficient (0.71) and questionnaire 
response rate (100 and 96.7%) were within the acceptable 
limits (more than or equal to 0.70) [35, 39]. Thirdly, this 
evaluation index system was systematic and comprehen-
sive because we considered not only the whole process 
of nucleic acid detection but also the nucleic acid test-
ing preparation, nucleic acid detection implementation 
and testing result presentation. Moreover, timely finan-
cial and material support and the construction of the 
emergency response system were considered. Fourthly, 
the diversified subject could use the evaluation index 
system to adjust and perfect the regional mobile novel 

coronavirus nucleic acid test activities. Each provincial 
or city-level government can conduct a self-assessment 
according to its situation. Besides, the government can 
evaluate the capacity of different areas according to the 
index. Diversified evaluation might assure fairness and 
impartiality in the overall nucleic acid testing capacity 
assessment.

The evaluation system followed the principles of integ-
rity, emphasis, hierarchy, comparability and operability 
to achieve the purpose of ‘early detection, early report-
ing, early isolation, and early treatment’ of COVID-19 
patients [40], and reduced the risk of large-scale spread 
of epidemics, by making arrangements in five aspects: 
regional mobile nucleic acid testing emergency response 
system construction, personnel team construction, 
emergency response guarantee, laboratory performance 
building and maintenance, information management 
system for nucleic acid testing resources. ‘Personnel 
team construction’ and ‘laboratory performance build-
ing and maintenance’ had the highest weights, indi-
cating that they were important in strengthening the 
nucleic acid sampling and testing capacity in the per-
sonnel and laboratory techniques. Cross-contamination 
and other diagnostic mistakes, including those caused 
by an increase in specimens, a shortage of laboratory 
personnel, and a lack of quality control, may occur in a 
laboratory setting [41]. Stratigraphically speaking, our 
evaluation index system was efficient and reliable to 
some extent. COVID-19 testing on a large scale neces-
sitates many people, many of whom may be untrained 
and working in a stressful environment. The regional 
mobile nucleic acid testing task necessitates a dynamic 
deployment of staff on duty in each part and a standby 
shift. For the emergency circumstance of COVID-19 
mass testing, an emergency human resource allocation 
plan and a reserve echelon rotation mechanism must be 
developed, and proper rotation and collocation must be 
carried out [42]. As a result, the study group argued that 
long-term and standard human resource management 
procedures should be devised to ensure the smooth pro-
gression of the mass testing activity.

As for testing capacity, ‘Laboratory performance 
building and maintenance’ integrated the specimen 
reception, testing and biosafety management into a 
network that can respond effectively and efficiently to 
emergencies. Sufficient qualified personnel and effi-
cient laboratory performance support provinces, cit-
ies and districts to provide increased sample analyses 
in epidemic outbreaks or other large-scale emergency 
events requiring surge capacity testing of samples and 
products. As reported, two air-inflated COVID-19 test 
laboratories, namely Huo-Yan Laboratory [43] and 
Falcon laboratory [44], were built in 1 day to meet the 
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surge of testing demands in Guangzhou. Saudi Arabia, 
Brunei, and Kazakhstan are amongst the countries and 
territories that have started or built Huo-Yan labs to 
combat the COVID-19 virus [43]. New sampling and 
testing approaches have been described in recent stud-
ies [45–47], indicating that further training with drills 
and assessments is required to assure standard and uni-
form sample collection and testing by all employees.

The weight of ‘Emergency response guarantee’ in the 
first-level indexes was the third largest. The guarantee 
of emergency nucleic acid testing supplies was essen-
tial for medical personnel to implement emergency 
testing work and safety protection [48]. Therefore, the 
procurement and use of emergency supplies and other 
management work were directly related to the speed of 
response to the outbreak and the final effect of emer-
gency testing work [49]. Perfecting the procurement, 
reserve and use management system of emergency 
nucleic acid testing supplies is the key to improving 
emergency management and handling capacity. The 
weight of ‘Information management system for nucleic 
acid testing resources’ in the first-level indexes fol-
lowed ‘Emergency response guarantee’. Establishing 
an information management system for nucleic acid 
testing resources could comprehensively, accurately 
and dynamically grasp the information of nucleic acid 
testing institutions, sampling and testing personnel, 
thereby achieving efficient and accurate management 
of their deployment. The first-level index ‘Nucleic acid 
mobile detection emergency system construction’ had 
the lowest weight; however, this finding did not mean it 
was unimportant. Studies have found that mass gather-
ings organized in places with high population density 
can easily lead to widespread and cluster outbreaks of 
epidemic diseases, such as the cluster epidemic of Bud-
dhist gatherings in Ningbo [50] and the outbreak epi-
demic in the health training centre of Jilin Province 
[51]. Once an outbreak occurs, the difficulty of epi-
demic prevention and control increases if all cases can-
not be identified quickly. Therefore, when COVID-19 
patients were reported, the nucleic acid mobile detec-
tion emergency system should be activated as soon as 
possible to prevent the epidemic from spreading.

For the second-level indexes, we adopted expert opin-
ions to merge the ‘Daily testing personnel’, ‘Reserve 
testing personnel’, and ‘Mobile response testing person-
nel’ to ‘testing personnel’. We also added ‘Sampling per-
sonnel’ because proper specimen collection is the most 
important step in the laboratory diagnosis of infectious 
diseases. A specimen not collected correctly may lead to 
false or inconclusive test results. The novel coronavirus 
testing specimens shall be collected by qualified techni-
cians who have received biosafety training (who have 

passed the training) and are equipped with the corre-
sponding laboratory skills.

The time spent in a large-scale nucleic acid program is 
an important factor for taking further interventions to 
control infection spread. We considered this issue along 
two lines (both authorities and residents). For authori-
ties, the main aim was to find the virus infectors and 
block transmission at the fastest speed. Thus, several 
periods (e.g. the detection time of nucleic acid) are criti-
cal for authorities to take decisive action, which is needed 
as soon as possible. For residents, the major concern is 
the time from throat swab collection to the release of 
the test result. Thus, we defined indexes for the ‘Testing 
results presentation and feedback’ (Table 4). The results’ 
reporting time for residents/patients was defined as the 
time from throat swab collection to the release of the test 
result. It can represent the total turnaround time (time 
from throat swab collection or arrival of the sample at 
the laboratory until the result is communicated to the 
patient/person or authorities). Consequently, the total 
turnaround time and phased time can be used to assess 
the regional nucleic acid testing capacity.

Some experts believed that the reward for emergency 
work should be quantified according to the workload 
of different areas, and the epidemic’s severity should 
be considered. The study group argued that the flexible 
index should be set with the goal of protecting the health 
of all employees in mind, and that it should be updated 
dynamically as the epidemic progresses.

In the setting of the global COVID-19 pandemic, our 
findings supported the application of evaluation index 
system in China. Moreover, generalising the evaluation 
index system to other countries was prudent. China is 
a special country in terms of health care because of its 
large population size and unbalanced health care devel-
opment in different areas [52]. The Chinese government 
has been spending a lot of manpower and resources 
to overcome this public health issue. The large-scale 
nucleic acid testing strategies support China’s sustained 
containment of COVID-19, regardless of backward and 
developed regions in China. Consequently, according to 
China’s experience, this evaluation index system may be 
prudently extrapolated to many of other low- and mid-
dle-income countries, each one with its particularities.

Several strengths characterized our study. Firstly, this 
study was the first to construct the evaluation index 
system of regional mobile nucleic acid testing capac-
ity. Thus, this study provided a reference for nucleic 
acid mobile detection capability evaluation. It also has 
guiding relevance for ensuring nucleic acid detection 
capability. Secondly, Delphi method allows the develop-
ment of defensible, valid, and reasonable solutions based 
on expert opinion [31]. The Delphi method is regarded 
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as a structured approach for evaluating and combin-
ing human judgment. Rowe et  al stated that the Delphi 
method can be used when the researcher is convinced 
that the technique can generate more accurate assess-
ments and judgments than that provided by individu-
als [53]. Our objective was to develop a comprehensive 
tool for evaluating the regional mobile SARS-CoV-2 
virus nucleic acid testing capacity. Thus, we resorted to 
the Delphi technique. Considering the issues of senior-
ity, interfering or inhibiting personality traits that easily 
occur in a face-to-face meeting, the Delphi method is 
reliable in obtaining an objective and unbiased point of 
view. The experts from regions with strict epidemic con-
trol requirements in different provinces and cities were 
selected to avoid bias in the judgment of approaches, 
practices, and backgrounds. Thirdly, we ensured ano-
nymity between participants, avoiding the interplay 
effects. Fourthly, the items’ importance, operability and 
sensitivity were comprehensively considered in this 
study, indicating that the representativeness of weights 
was multidimensional and practically meaningful. How-
ever, this study also had limitations. Firstly, we realised 
that the decision-making process inevitably involved sub-
jectivity and judgmental inputs in terms of panel selec-
tion, item selection and dispute resolution. Secondly, the 
initial outbreak of COVID-19 was in Wuhan; hence, a 
limitation may exist because approximately one-third of 
the experts were from Hubei. Furthermore, more than a 
third of the specialists invited were from research insti-
tutes. Their perspectives could not be more comprehen-
sive than frontline healthcare staff.

Conclusions
We established an evaluation index system for regional 
mobile nucleic acid testing capacity based on a scientifi-
cally designed Delphi process. Several important points 
obtained from this study. Firstly, the evaluation index 
system proposed specific, objective, and quantitative 
evaluation criteria that aid the government in contain-
ing the pandemic and resuming economic operations. In 
particular, the evaluation index system may help relevant 
departments to find and strengthen weak links of testing 
capacity in different regions. Secondly, the index weights 
informed the functional departments about the prior-
ity in managing a massive nucleic acid test. This evalua-
tion index system may be generalised to other countries 
with prudence considering the shared, different, and 
complicated conditions in different countries. Interna-
tional consideration and feedback about the suitability of 
the evaluation index system are encouraged to develop 
an international consensus for virus nucleic acid testing 
against COVID-19.
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