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Abstract
Background

The accuracy of individual test results affects the reliability of epidemiological indicators during pandemics. Therefore, the performance of test
facilities and test systems must be continuously monitored. In this respect, external quality assessment (EQA) schemes are unique data sources, and
their providers may serve as valuable contact for non-EQA inquiries on technical-analytical topics. However, the epidemiological importance of EQA
during pandemics has not yet been evaluated.

Methods

Seventeen publications on SARS-CoV-2 virus genome detection EQA schemes were evaluated for their content of information which was aggregated
and classi�ed as “relevant”, “conditionally relevant” or “imperceptibly relevant” for the quality of public health microbiology. The effort required to
report on any missing information was estimated. Extra-EQA services of EQA providers were also assessed for their epidemiological relevance.

Findings

Publications contained six to nine of the ten information criteria classi�ed as relevant for public health microbiology. The effort required to report
missing information appeared low. Information classi�ed as epidemiologically conditionally relevant was collected only from dedicated EQA rounds.
Extra-EQA services from EQA providers seemed particularly important in times of a pandemic.

Interpretation

Professional operation of non-EQA services and competent design of EQA schemes by their providers ensure that test facilities receive the best
possible support during pandemics and that relevant information on the performance of infection diagnostics is made available. The importance of
EQA for public health emergency response is therefore evident.

Funding

None.

150-word unstructured summary
The accuracy of individual test results affects the reliability of epidemiological indicators during pandemics. External quality assessment (EQA)
schemes and their providers are unique sources of data on the performance of test facilities and test systems. EQA Providers are a recognized
contact also for non-EQA inquiries on technical-analytical topics and supporting features for test facilities. We assessed the content and the
relevance of information for the quality of public health microbiology of peer-reviewed manuscripts on SARS-CoV-2 virus genome detection EQA and
of the extra-EQA services of EQA providers (e.g., supporting efforts to standardize assays and provision of information for participants and public
health authorities). The results of this analysis are recommendations to EQA providers for their services in future epidemics, but also to test facilities
and public health authorities for productive cooperation with EQA providers.

Introduction
The Covid-19 pandemic severely affected the world and its economic, health and social systems. In March 2020, the SARS-CoV-2 outbreak was
declared a pandemic and one of the key messages from the WHO Director-General was to increase testing frequencies (“test, test, test”) [1,2]. This
call was eagerly and extensively followed, resulting worldwide in more than 15 billion performed SARS-CoV-2 PCR tests by June 2022 [3]. Laboratory-
developed tests for SARS-CoV-2 detection were established in early 2020, the �rst commercial test systems became available soon after. Medical
laboratories increased their testing capacities, and new test facilities were dedicated exclusively to SARS-CoV-2 testing. After more than two years in
the pandemic, still an unprecedented number of test facilities are in operation using many different test systems – a situation before unknown for
any other pathogen diagnostics. Therefore, there was an immediate imperative to monitor and assess the quality of the many test facilities and
novel test systems and to give supportive hints for quality improvement.

 

External quality assessment (EQA) is a procedure for interlaboratory comparison in which the analytical performance of participants is evaluated
using predetermined criteria. Here we comprehensively describe the critical role of EQA schemes in epidemic preparedness, which has already been
brie�y indicated [4]. All test facilities enrolled in an EQA scheme receive panels with samples of the same known but undisclosed characteristics and
thus have the same initial conditions for analysis. Participants measure levels of target analytes or determine the samples’ properties and submit
quantitative and/or qualitative results to the EQA provider. All individual results are compared to a target value and to the results of other
laboratories, assessed according to speci�c criteria. The participants receive feedback on their pro�ciency. EQA schemes usually consist of several
individual ring test rounds per year and the number of samples in individual rounds also varies depending on the provider. The relevant ISO 17043
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standard generally uses the term “pro�ciency test” for interlaboratory comparison, while the term “external quality assessment” is more common in
the medical area [5]. There are major differences in national legislation on the obligation to participate in EQA, the monitoring of laboratory
performance by authorities and the possible consequences of failure [6]. 

 

First and foremost, EQA schemes give the participants individual feedback on their results compared to other laboratories. Depending on the
applicable legal requirements, it may be up to the test facilities to decide whether there is a need for action based on the assessment results.
Furthermore, EQA schemes deliver essential information for health authorities as they provide aggregated data on the performance of all
participating test facilities and assays used in a summary report [7]. 

 

With many unprecedented features, the SARS-CoV-2 pandemic highlighted the importance of third-party monitoring of assay and testing facility
performance. While emergency regulations allowed the unrestricted use of laboratory-developed tests and numerous commercial test systems were
brought onto the market, little objective information about test performance was (and still is) available. Furthermore, numerous new manufacturers
and distributors of in-vitro diagnostics emerged, lacking name recognition and perhaps experience in the manufacturing of diagnostic tests. The
operators of the numerous new test facilities may have had reduced demands on the competence of their management and staff. Due to the use of
non-trivial laboratory methods and the need to deliver results with medical and epidemiological relevance, information on the performance of the
new facilities and tests was urgently needed. The need to monitor the performance of numerous newly introduced assays was not expected before
the SARS-CoV-2 pandemic. Rather, the limited availability of already-validated tests was expected to be a major challenge for pandemic
preparedness [8]. During the SARS-CoV-2 pandemic, it was the unique role of EQA providers to report as an independent third party on the
performance of all participating test facilities and assays enrolled in their schemes, both as con�dential individual feedback to participants and as
an anonymized aggregated summary of all participants’ analytical performance to public health o�cials. Therefore, EQA schemes have proven to be
an excellent tool for post-market surveillance by checking the reliability of tests already on the market with randomly selected EQA samples [9].
Demand from manufacturers for such data has been negligible during the SARS-CoV-2 pandemic.

 

The services of organizations known as “EQA providers” cover far more than their naming suggests. In addition to organizing and supervising
interlaboratory comparisons, EQA providers are also a contact for medical/technical inquiries and serve as a network center that links test facilities,
experts, and public health authorities. It was reported that extra-EQA services EQA providers positively in�uence the quality performance of
laboratories, at least in immunohaematology [6]. Moreover, EQA schemes not only function to evaluate the pro�ciency of diagnostic laboratories, but
also to harmonize testing across laboratories. Both EQA and extra-EQA services give their providers a unique position and relevance to the laboratory
analysis community. Their importance becomes all the greater in times of pandemics, when knowledge about the pathogen and pathogen
diagnostics is initially low and soon grows rapidly, and public health measures and recommendations for diagnostics are constantly being adapted
based on key epidemiological data.

 

Microbiology laboratories are the �rst line of defense against health threats from communicable diseases. Even before the SARS-CoV-2 pandemic,
strategies were developed to detect communicable disease and antimicrobial resistance threats, assess risks and monitor public health through
reliable and comparable microbiological data that are shared and used in a timely manner [10]. After the start of the SARS-CoV-2 pandemic,
guidance and recommendations for the performance expectations and the use of certi�ed in-vitro diagnostics, such as under emergency use
authorization, and for in-house tests were issued from different parts of the world and from countries with different income levels. Prominent
examples are the WHO Recommendations for national SARS-CoV-2 testing strategies and diagnostic capacities [11], the US FDA Policy for
Coronavirus Disease-2019 Tests During the Public Health Emergency [12], the European Centre for Disease Prevention and Control Testing strategies
for SARS-CoV-2 [13], the US Centers for Disease Control and Prevention testing overview [14], the UK Medicines & Healthcare products Regulatory
Agency Guidance “How tests and testing kits for coronavirus (Covid-19) work” [15], the African Society for Laboratory Medicine Guidance on Quality
Assurance for COVID-19 Molecular Laboratory Testing [16], The Global Fund Interim Quality Assurance Requirements for the Procurement of COVID-
19 Diagnostic Products [17], the Guidance for In-house Test Development for Molecular Detection of SARS-CoV-2 by the Foundation for Innovative
New Diagnostics (FIND) and the African Society for Laboratory Medicine (ASLM) [18], and also an ISO technical guide for Covid testing has been
published with the aim of standardizing pre-examination, examination and post-examination processes for the detection of SARS-CoV-2 using
nucleic acid ampli�cation [19]. Thus, there are detailed speci�cations on the subject of testing with all its characteristics and challenges. Although
many of these guidelines and recommendations relate to EQA, there is no guidance on how to design and implement such schemes in case of a
public health emergency caused by an infectious disease.
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We therefore reviewed the current literature on published properties and characteristics of completed SARS-CoV-2 virus genome detection EQA
schemes and rounds and evaluated the extra-EQA services supplied by EQA providers. Our aim was to provide recommendations for the rapid
establishment of EQA schemes in future epidemics or pandemics that best monitor and report on the performance of epidemiologically relevant
assays and test facilities, and for the provision of appropriate extra-EQA services. 

Materials And Methods
Literature on EQA is generally rare. We identi�ed a total of 17 publications on EQA of SARS-CoV-2 in PubMed with the search terms “EQA” or “external
quality assessment” or "pro�ciency testing" or “PT” and "SARS-CoV-2" or "Covid-19" (search performed July 2022, period searched 01/2020 to
07/2022, see Table 1) [20-36]. Information from each publication was aggregated (Table 1) and the subject criteria were derived from this. Subject
criteria were categorized as either “relevant” (information relevant for the quality of public health microbiology; report on an EQA scheme or round is
not acceptable unless this information is provided), “conditionally relevant” (collecting and sharing this information enhances the epidemiological
relevance of the report), or “imperceptibly relevant” (information that is of minor relevance from an epidemiological point of view), for the quality of
public health microbiology, see Table 2. Each publication was evaluated for the following information criteria (below, numbers in parentheses refer to
the information criteria in the publications listed in Table 2). 

General information - types and numbers of enrolled assays (1), counts (2) and categories (e.g., private or public medical or hospital
laboratories, pharmacies, test facilities) (3) of participant test facilities, study time (4), and proportion of participants of all regional test facilities
(22);

Performance indicators - rates of false negative and false positive results and their relation to virus or RNA load in samples (5), rates of false
positive and false negative results related to different lot numbers or reagents (11), analytical sensitivity (6), inter-assay variability (7) and intra-
type variability of results (8), speci�city (12), linearity (13), repeatability (14), veri�cation of manufacturers’ speci�cations on the limit of
detection (15), and performance under extraordinary conditions, e.g., analysis of sample pools (16);

Assay speci�cations - proportion of test systems meeting speci�c recommendations (9), and those reporting on human housekeeping genes
(17); 

Sample speci�cations - speci�cations of sample materials, including information on units used to indicate virus or RNA load (10), information
on the presence of human housekeeping genes (19), carrier matrix in samples (20), physical properties of samples upon arrival in the laboratory
(21), source of the samples (clinical, virus culture, RNA) (18), and information on homogeneity and stability of samples (22);

Other - any special features of the scheme or additional information (e.g., immediate or early feedback to submitted results, different
performance of individual batches of reagents, performance depending on laboratory category).

 

To evaluate the extra-EQA services of EQA providers, we report unpublished data from a survey conducted in 2022 by the European Organization for
External Quality Assurance Providers in Laboratory Medicine (EQALM) among its member organizations and information on the services of
individual EQA providers. 

Results
Among the 17 publications reviewed, three reported on international [25,26,33], one on a bi-national (Australia, New Zealand) [31] and ten on national
EQA schemes or rounds, including Austria [11-14,17], China [28,32,36], India [30], Japan [20,29] and Korea [34,35]. Counts of test facilities enrolled per
round were 32 to 953, and test systems were 32 to 953. The individual rounds consisted of 2 - 12 samples. The study time was between February
2020 and “early” 2022 (not speci�ed in more detail; Supplement 1). 

 

Information relevant for the quality of public health microbiology

All 17 publications reported types and numbers of registered assays (1), however, only three reported that they registered batch numbers of reagents
and included them in the evaluation of results [28,31,36] (Tables 1 and 2). The importance of EQA schemes in post-market surveillance of in-vitro
medical diagnostics down to the level of individual batches is evident [9]. Furthermore, all publications reported on the counts of test facilities
enrolled (2), the rates of false positive and false negative results (5) and their relation to virus or RNA load in samples (6). The latter refers to the
analytical sensitivity and this is essential when specifying the limit of detection on the laboratory report if the pathogen was not detected. The
concentrations of genome equivalents in the samples used for EQA (10) were reported by all 17 publications, however, only 12 reported the
concentration in a common metric unit, e.g., copies/mL; �ve publications stated the concentration only indirectly as Cq/Ct value, making it
impossible to compare. Specifying sample characteristics is just as essential as presenting this information in a comparable manner. 
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A total of 14 publications reported the study time (4) (Tables 1 and 2). The results of an EQA round should be assignable to individual phases of the
pandemic and the prevailing pathogen variants at that time. This is particularly important when the pathogen and its properties change rapidly, as
we observed with SARS-CoV-2. Inter-assay variability (7) and categories of participating test facilities (3) were reported by nine publications. The
latter enables the performance of participants in speci�c categories to be evaluated separately and, if necessary, focused measures to be taken. The
former indicates the actual differences in the supposedly interchangeable values that are achieved with different and uncalibrated test systems. The
intra-type variability (8) was reported by seven publications (Tables 1 and 2). This information shows the differences in the EQA results of all
individual devices of one type of a test system and is an indicator of the susceptibility of a test system to user or environmental in�uences. Assays
that are intended to be used by inexperienced personnel should be characterized by low intra-type variability in EQA. The compliance of assays with
speci�c recommendations (9), like the WHO recommendation concerning the limit of detection [38] and the IFCC recommendation to use at least two
target genes for detection or SARS-CoV-2 RNA [39] was reported by two publications. 

 

Information conditionally relevant 

All 17 publications provided information about the origin of samples (17). A total of eight, two and four publications reported on the analytical
speci�city (11), linearity (12) and repeatability (13) of the results, and one reported on the veri�cation of manufacturers’ speci�cations on the limit of
detection (14). The proportion of assays that used human housekeeping genes (16) was reported by �ve publications. Testing for the presence of
housekeeping genes in a specimen can be used to verify proper sampling and/or sample preparation and could be of interest for monitoring test
facilities analyzing samples taken by individuals themselves or by inexperienced personnel [40]. One publication reported on pooling of samples
(15). 

 

Information imperceptibly relevant

Characteristics of sample materials regarding the presence of housekeeping genes (18), matrix used as carrier e.g., buffer solution, virus transport
medium, NaCl (19), and physical conditions of the samples upon arrival at the test facility, e.g., liquid at ambient temperature or cooled, frozen,
lyophilized (20), are described in eight, 11, and 13 publications, respectively. This information is of interest for EQA providers and the scienti�c
community when comparing outcomes of different rounds, but of imperceptible epidemiological relevance. A total of eight publications speci�ed
information on sample stability and homogeneity (21). The provision of stable and homogeneous sample material is a basic requirement in EQA and
needs no further mention once a round has been completed.

 

Uncategorized

Both publications from Korea reported that all laboratories nationwide were enrolled (22) in the EQA round. Full coverage of all testing facilities in a
country or region makes data on their performance more reliable. However, since the obligation of all test facilities to participate in EQA is not the
responsibility of the provider, this information is not evaluated. 

 

Special features of the scheme or information reported on

One publication described having provided participants with a rapid report after submission of their results in order to give feedback before the �nal
completion of the assessment [33]. Two publications reported that performance depended on laboratory category [20,29]. Two publications reported
on unequal performance of different batches of the same reagent, and the same two publications reported on the relation of performance to the
extraction method [29,36]; however, one publication found no such relation [30]. One publication reported on the loss of relative sensitivity of assays
when EQA samples were pooled and that most assays met speci�cations for sensitivity as stated by the manufacturer and many detected even
lower concentrations than speci�ed [23]. One publication reported improvement of accuracy between �rst and third round of the scheme [31].

 

Extra-EQA services of EQA providers

EQA providers as a competent contact for general information on laboratory analytics and for supportive features

The importance of the role of EQA providers as a contact point for a wide variety of inquiries from participants on various topics in analytics is
di�cult to document and measure. Data from a survey among EQA providers in 2022 showed that 35 out of 38 of them regularly receive inquiries
about non-EQA issues as well, regardless of SARS-CoV-2. They all reported to be prepared for such inquiries and have su�cient competent staff to
process them. Data not shown.
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At the onset of a pandemic, EQA providers can provide important guidance to EQA participants to assess their competence in using their routine
tests. In April 2020, while one of the world's �rst EQA schemes for genome detection of SARS-CoV-2 was still ongoing, an interim evaluation of this
scheme was published that revealed the target values of three of the seven samples in the panel [37]. This allowed participating laboratories to
review their applied tests in terms of sensitivity and speci�city and enabled them to improve their test methods in the event of incorrect
measurements at short notice before the o�cial deadline of the EQA program. The report on this international EQA round includes eight of the
information criteria classi�ed as relevant for the quality of public health microbiology; categories of laboratories and proportion of test systems
compliant with speci�c recommendations are not included. Due to country-speci�c categorization, it is understandably di�cult for international
schemes to evaluate various categories of laboratories. The policy of not evaluating results according to laboratory categories of the respective EQA
provider should be reconsidered in times of a pandemic for the reasons mentioned above in order to identify or rule out weak points in individual
categories. Since there were no speci�c recommendations at the time of this EQA round, information on the  proportion of test systems compliant
with them could not be collected and reported. However, this report presents extensive explanations to aid in the standardization of assays by their
operators.

 

Several EQA results from different providers at the beginning of the pandemic showed that the reported Cq/Ct values differ signi�cantly between
laboratories, the assays used and between selected target genes, so that a quantitative estimate of genome concentration from Cq/Ct values was
unreliable [21-24,28,29,34-36]. Therefore, in the above cited EQA scheme of April 2020 all four SARS-CoV-2-positive samples, which were from a 10-
fold dilution series, were quanti�ed by digital droplet PCR (ddPCR), covering a linear concentration range between approx. 360 000 and 380
copies/mL of viral RNA [37]. With this approach, it was possible to anchor measured Cq/Ct values with de�ned viral loads already in April 2020. 

 

The inter-laboratory variations observed in the above described EQA schemes already suggested that Cq/Ct values alone may not be a reliable
measure to guide clinical decisions such as discharging patients from isolation. Based on the knowledge of the results of EQA schemes, reference
samples with de�ned viral loads can be produced at short notice. An example of this is the introduction of two national reference materials with
ddPCR assigned vRNA loads of 107 and 106 copies/mL [41]. Following the example of this study, the use of reference materials for the quanti�cation
of SARS-CoV-2 RNA in patient samples may contribute to the standardization of results obtained by different test systems for the detection of SARS-
CoV-2 RNA.

 

Especially under conditions of a pandemic, EQA scheme providers should be aware that they can play a central role in the public perception of
diagnostic performance in a region. In this context, it has proven bene�cial for EQA providers to collaborate with scienti�c societies and health
authorities. Examples include: (i) statements on the signi�cance of EQA results [41,42] and (ii) clari�cations on the need to make clinical decisions
based on quantitative anchoring in reference samples, considering vRNA load rather than Cq/Ct values [43,44].

 

EQA provider as a network partner
 In addition to the roles as a competent contact and a network center, the EQA provider are mostly members of professional EQA networks. In April
2020, EQALM member organizations were invited to participate in a group for information exchange on the implementation of SARS-CoV-2 EQA. This
invitation was accepted by 15 representatives of EQA providers and the communication on this platform was helpful for all involved and contributed
signi�cantly to the successful establishment of several EQA schemes for SARS-CoV-2 diagnostics. 

Discussion
The United Nations note the great need of raising awareness, the exchange of information, scienti�c knowledge and best practices, quality education,
and advocacy programmes on epidemics at the local, national, regional and global levels as effective measures to prevent and respond to epidemics
[45]. In order to highlight the importance of the prevention of and preparedness for epidemics, December 27 was proclaimed as International Day of
Epidemic Preparedness [46]. As contribution to epidemic preparedness, we evaluated the support of EQA schemes and their providers in addressing
the current global health crisis caused by SARS-CoV-2 to derive suggestions for coordinated and effective actions in future epidemics.

 

There are limitations concerning the interpretation of results of EQA. Most importantly, while EQA performance is objective, it is only one of several
quality indicators of a testing facility or an assay. Furthermore, results from EQA summary reports refer only to the participating laboratories and the
general performance should not be applied to all laboratories in each region. For example, one cannot extrapolate the total number of tests
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performed in a region from the percentage of correct or incorrect EQA test results. Additionally, no comprehensive conclusions on the analytical
speci�city and sensitivity of tests from different manufacturers may be drawn from EQA results. Determination of clinical speci�city requires the use
of de�ned clinical samples and comparison of different methods. Such considerations are fundamentally not the aim of an interlaboratory
comparison, which is primarily intended to record the analytical quality of a laboratory in connection with the test procedure used. Nevertheless, EQA
rounds should include pathogen-free samples as well as samples with taxonomic closely related pathogens [4]. 

 

Each of the 17 publications evaluated contained important data and information. No publication contained all ten criteria identi�ed as
epidemiologically relevant, but only six to nine of them. However, missing information could be provided easily by only minor adjustments to the
summary report, or by minor adaptions of the EQA scheme or the software used for it. If only reagents, but not their different batches, are considered
in an EQA scheme, the effort required to adapt the EQA provider's software and the processes of EQA rounds is presumably low. Information on the
study period can be supplemented with little effort, as it is known to the EQA provider (4). The effort required for the additional reporting on the test
facility categories (3) and the inter-assay (7) and intra-type variability (8) is low if this data is already used in the EQA scheme; otherwise, a minor
modi�cation of the scheme may be necessary. Veri�cation of the compliance of assays (9) with sensitivity recommendations needs no software or
database adaption, as this information is only collected through results on samples with certain speci�cations and not through additional data
types. However, veri�cation of compliance with recommendations for other assay properties (e.g., IFCC recommendation to use two or more target
genes) requires a suitable design of the EQA scheme and a corresponding database structure and therefore possibly minor adaptations. Reporting
virus load in samples in commonly used units (10) may require minor additional effort when methods for determining concentration for sample
characterization need to be changed. (Table 2). The use of dedicated samples is required for veri�cation of conformity of assays with speci�c
recommendations. This also applies for all information classi�ed as conditionally relevant for epidemiological purposes, and no technical changes
are required for these either. 

 

EQA schemes indicated very early in the SARS-CoV-2 pandemic that Cq/Ct values are not adequate to provide information about genome
concentration in samples. They were able to do this since they collect results on the same samples from many different assays in use. It was
a�rmed that the Cq/Ct value in SARS-CoV-2 PCR is �rstly mistaken for a metric result that meets quality requirements for quantitative laboratory
values and secondly mistaken for a harmonized value, i.e., independent of the test system. In fact, the Cq/Ct value is neither, but is still used for
medical and epidemiological decisions [47,48]. 

 

The appropriate design of EQA refers to a well-considered de�nition of sample speci�cations and their adaptation to the current status of the
pathogen properties in the pandemic. Sample speci�cations de�ne the expected signi�cance of the results. An EQA panel should therefore contain
samples that challenge the performance of test systems, e.g., a pathogen concentration around the recommended limit of detection. Then, individual
samples can be indicated as being “core” (participants are expected to report correctly) or “educational” (participants can report results; these
samples are primarily used to collect additional information from participants and their assays) and results from participants are expected
accordingly. Using only unequivocally positive or clearly negative samples is boring, useless, and an insult to the test facilities and their assays, and
last but not least contradicts the requirements of ISO 15189 [49]. According to this International Standard, EQA schemes in which laboratories
participate shall present clinically relevant challenges. From SARS-CoV-2 we learned that mutations and variants pose additional challenges for test
systems [50,51]. Therefore, monitoring the performance of test systems in terms of speci�city is of great importance, and this requires adapting
samples to the changing properties of the pathogen over the course of the pandemic. Flexibility regarding the frequency of EQA should enable early
reactions to current developments in the pandemic but should also give facilities that are introducing new test systems the opportunity to participate
in EQA at short notice. To investigate the performance of test systems when analyzing pooled samples, not only the special design of an EQA round
was required, but also the participation of the participants. To save resources, some facilities initially tested pools of multiple samples during the
Covid-19 pandemic and only analyzed individual members of a pool if it tested positive. A mathematical model for the extent of the (relative) loss of
sensitivity has been published earlier [52,53]. The expected loss of relative sensitivity was evident in the EQA round that reported on this [24]. Such
information can only be obtained through a speci�cally designed EQA round and needs collaboration of the participant test facility. 

 

In addition to the core task of EQA providers - to carry out appropriate schemes -, their role as a contact for medical-technical inquiries and link
between test facilities, experts and health authorities is of great importance in times of a pandemic. National EQA providers have a clear advantage
here, as they already cooperate with local experts and are in contact with national health authorities and can therefore quickly respond to changing
epidemiological, virological or regulatory situations. 
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Cooperation between several national EQA providers is particularly effective in pandemics. By combining efforts through coordinated EQA schemes,
information on different properties of test systems can be collected in a shorter time, albeit in geographically separate groups of test facilities. The
exchange of information in an expert group on EQA will result in a more e�cient design of EQA, a more targeted selection of sample materials and
avoidance of pitfalls. EQA providers should be encouraged to support such concerted campaigns and groups by their participation. In order to
provide such a forum, the EQALM Working Group Virology was founded in the summer of 2022, which aims, among other things, to promote and
coordinate the pandemic preparedness of EQA providers and to increase the e�ciency of their schemes and services in future pandemics.

 

To prepare for future pandemics, EQA providers can proactively address two related issues that have often sparked debate during the SARS-CoV-2
pandemic. The �rst is the cost of EQA and the second is the obligation to participate and the minimum frequency. The gain of information through
the monitoring of the analytical performance far outweighs the �nancial expenditure for EQA, especially with non-pro�t organizations, and would
justify the assumption of costs by the public sector. Unless already regulated by law, participation in EQA should be mandatory for all test facilities
and their participation should be veri�ed. An even stricter obligation for all individual test systems of all test facilities to participate, would prevent
the use of test systems not monitored by EQA in routine analysis. Strictly obligatory and, in return, free EQA could be agreed to prepare for future
pandemics. In addition, it can be considered as an extra-EQA service, that the participants are offered a helpful review of their preventive measures
after a failed EQA.

 

Limitations of this study are the referencing of reports predominantly from high-income countries and that we only discussed one laboratory method,
namely the pathogen detection by PCR. We identi�ed only one report from a non-high-income country, namely India, which is currently described a
lower middle-income country by the World Bank [54]. Regarding our exclusive focus on only pathogen detection by PCR, we see that our �ndings and
recommendations also apply to other direct (e.g., antigen tests) and indirect (e.g., antibody detection) pathogen detection methods.

 

In summary, we make recommendations for EQA providers, their schemes for infection diagnostics, and their non-EQA services in future pandemics
(Table 3). We hope that we won't need them for a long time.
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Reference
no. 

Epidemiological relevance of the criteria 1-22

relevant conditionally relevant imperceptibly
relevant

a)  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 Sb)

Peer-
reviewed 

                                             

Asai at al.
[20] 

x x x x x x       x             x x x x x   7

Buchta et
al. [21] 

x x     x x x x   xd) x   x       x x x x x   7

Buchta et
al. [22] 

x x   x x x x x   x x x       x x x x x x   8

Buchta et
al. [23] 

x x   x x x x x x xd) x   x     x x x x x x   9

Buchta et
al. [24] 

x x   x x x x x   x x   x x x x x x x x x   8

Edson et al.
[25] 

x x x x x x     x x x           x x x x     8

Fischer et
al. [26] 

x x x x x x       x             x x x       7

Görzer et al.
[27] 

x x   x x x       xd)             x   x x x   6

Guo et al.
[28]

x x   x x x x x   x             x     x x   8

Ishii et al
[29]

x x x x x x x x   x             x   x x     9

Kaur et al
[30]

xc) x x x x x       xd)           x x x         7

Lau et al.
[31]

x x x x x x       x             x     x x   7

Li et al. [32] x x x   x x       x             x   x x     6

Matheussen
et al. [33]

x x   x x x       x x x         x     x     6

Park et al.
[34]

x x x x x x x     xd)     x     x x x x x x x 8

Sung et al.
[35]

x x x x x x x x   x x           x   x x x x 9

Wang et al.
[36]

x x     x x x     x x           x     x     6

Published
by the EQA
provider

                                             

Zeichhardt,
Kammel
[37]

x x   x x x x x   x x x         x   x x      

Se) 17 17 9 14 17 17 9 7 2 17 8 2 4 1 1 5 17 8 12 15 10 2  

 

a) participation in EQA cannot be stipulated by the provider and therefore this information is not evaluated; b) count of publications reporting
information categorized as “relevant”; c) only in-house assays were used; d) concentration of pathogen not speci�ed in common units; e) the total
refers to peer-reviewed publications. 
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Table 2: Reasons for assignment of information as epidemiologically "relevant", "conditionally relevant" or "imperceptibly relevant" and estimated
efforts required for EQA providers to report such information 
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Relevance of information
for the quality of public
health microbiology

Reason for assignment to category Estimated effort required to report
information

 

Relevant

 

   

(1) Types and
numbers of
registered assays 

 

These are key data of EQA; all components of the analytical
procedure (devices and reagents used for sample preparation (e.g.,
extraction), ampli�cation and detection) should be recorded.

 

If only reagents, but not their different
batches, are considered in an EQA scheme,
the effort required to adapt the EQA provider's
software and the processes of EQA rounds is
presumably low.

(2) Counts of
participant
laboratories
enrolled

 

These are key data of EQA.

 

n/a

(3) Categories of
participant
laboratories

 

Considering the performance of test facilities in individual
categories is particularly relevant in times of a pandemic, when
new test facilities are set up speci�cally for pathogen detection.
Any identi�ed need for action can then be directed selectively to
members of a category.

 

Minimal effort required if individual
laboratory category is included in the
participant's data stored with the EQA
provider; extension of data set required if not
included.

(4) Study time

 

(Retrospective) assignment of EQA results to individual phases of
the pandemic and the then prevailing pathogen variants is
particularly important if pathogen changes its characteristics
rapidly.

 

Low effort required for reporting such
missing information, since provider knows
about it anyway.

(5) Rates of false
positive and false
negative results

 

This is key output of EQA. n/a

(6) Analytical
sensitivity

 

This is key output of EQA.  n/a

(7) Inter-assay
variability of
results

 

This criterion is of particular importance in situations when values
are obtained by different assays and their results are used for
medical and epidemiological decisions.

 

Minimal effort required if such values are
already included in an EQA scheme;
otherwise, a minor adjustment of the scheme
and of the software would be necessary.

(8) Intra-type
variability of
results 

 

This criterion is of particular importance to evaluate the
susceptibility of a test system to user or environmental in�uences;
inexperienced personnel should preferably use assays with low
intra-type variability.

 

Minimal effort required if such values are
already included in an EQA scheme;
otherwise, a minor adjustment of the scheme
and of the software would be necessary.

(9) Proportion of test
systems
compliant with
speci�c
recommendations 

 

Veri�cation of assay compliance with recommendations is a main
task of EQA.

Veri�cation through use of samples with
particular speci�cations do not require any
technical effort in the software or database;
otherwise, minor technical adjustments are
required.

(10) Concentration of
virus or RNA

The information on sample characteristics is just as relevant as
presenting this information in a commonly used unitage.

 

Additional effort for sample characterization
may be required if new determination
methods have to be applied.

 

Conditionally relevant

 

   

(11) Analytical
speci�city 

This information provides deeper insight into the performance of
test systems and thus about the reliability of both their
quantitative and qualitative results.

Respective information can only be obtained
by appropriate design of an EQA round and
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  suitable samples; no special technical
requirements.

(12) Linearity of
quantitative
results

 

(13) Repeatability /
intra assay
variability of
results

 

(14) veri�cation of
manufacturers’
speci�cations on
limit of detection

 

(15) Pooling

 

If pools of samples are analyzed, the loss of (relative) sensitivity
by dilution through pooling procedure should be veri�ed.

 

Evaluation of pooling effects by EQA requires
action of test facilities; no adaption of
software or database structure required.

(16) Proportion of test
systems including
human
housekeeping
genes

 

Test facilities that analyze samples self-collected by individuals or
by unexperienced personnel should use assays with sampling
control.

Minimal effort required if such values are
already included in an EQA scheme;
otherwise, a minor adjustment of the scheme
and of the software would be necessary.

(17) Sample origin Differences in the properties of samples from virus cultures or
clinical samples are of interest mainly for EQA providers and the
scienti�c community. 

 

This information is known to the EQA
provider anyway and can therefore be
provided easily.

 

Imperceptibly relevant

 

   

(18) Presence of
housekeeping
genes in samples

 

(Sample speci�cation data) If required, such information may be
collected during the production or testing of
sample materials.

(19) Carrier matrix
used in samples

 

(20) Physical
properties of
samples upon
shipment

 

(21) Stability and
homogeneity of
sample materials

 

(The provision of stable and homogeneous sample material is a
basic requirement in EQA and needs no further mention once a
round has been completed)

 

 

 

Not assigned

 

   

(22) enrollment of all
regional or
national test
facilities or test
systems

 

Enrollment of all testing facilities in a country or region makes
performance data more reliable. However, since the obligation of
all testing facilities to participate in EQA is not the responsibility of
the provider, this information is not evaluated.
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. 

 

Table 3: Recommendations to EQA providers for future pandemics

 

1. Seek arrangements with public health authorities so that in case of an outbreak, epidemic or pandemic

all test facilities, ideally with all their individual test systems, are obliged to participate in EQA
their participation is veri�ed
in return, participating in EQA should be free of charge for test facilities participating in public health relevant analytics
preventive actions after a failure in EQA are reviewed by experts

1. Provide EQA schemes early. EQA should be available as soon as possible after testing has started.
2. Be �exible in designing and adapting your EQA schemes so that they report on

types and numbers of registered assays
counts and categories of test facilities enrolled
study time
rates of false positive and false negative results and analytical sensitivity of assays
inter-assay and intra-type variability
if applicable, proportion of test systems compliant with relevant recommendations
sample speci�cations in a commonly used unitage

1. Make the summary report available shortly after the end of a round or give participants immediate feedback on their results beforehand.
2. Immediately report suspicious or alarming �ndings to health authorities.
3. Take your role as a contact for non-EQA inquiries and as a network center seriously

use your central position to share up-to-date information with your participants
help participants standardize their assays

1. Support concerted campaigns and expert information exchange on EQA with your participation. 
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