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Introduction

External Quality Assessment (EQA) schemes are designed to provide a snapshot of laboratory proficiency, identifying issues and providing feedback to improve laboratory performance and inter-laboratory agreement in testing. Currently there are no international EQA schemes for seasonal influenza serology testing. Here we present a feasibility study for conducting an EQA scheme for influenza serology methods.



Methods

We invited participant laboratories from industry, contract research organizations (CROs), academia and public health institutions who regularly conduct hemagglutination inhibition (HAI) and microneutralization (MN) assays and have an interest in serology standardization. In total 16 laboratories returned data including 19 data sets for HAI assays and 9 data sets for MN assays.



Results

Within run analysis demonstrated good laboratory performance for HAI, with intrinsically higher levels of intra-assay variation for MN assays. Between run analysis showed laboratory and strain specific issues, particularly with B strains for HAI, whilst MN testing was consistently good across labs and strains. Inter-laboratory variability was higher for MN assays than HAI, however both assays showed a significant reduction in inter-laboratory variation when a human sera pool is used as a standard for normalization.



Discussion

This study has received positive feedback from participants, highlighting the benefit such an EQA scheme would have on improving laboratory performance, reducing inter laboratory variation and raising awareness of both harmonized protocol use and the benefit of biological standards for seasonal influenza serology testing.






Keywords: influenza viruses, external quality assessment (EQA), haemagglutination inhibition (HAI), microneutralization (MN), serology, standardization





1 Introduction

External Quality Assessment (EQA) schemes are an important tool for evaluating inter-laboratory agreement in testing biological assays. They allow for comparison of a laboratory’s performance with a source outside of that laboratory – in the case of this study, with a group of peer laboratories. This provides objective evidence of a laboratory’s performance and can be used to identify where greater standardization and/or method improvements are required. Alongside the use of standardized protocols and the provision of biological standards, EQAs indirectly help to reduce inter-laboratory variability. There are currently no international EQA schemes for influenza serology testing as far as the authors of this paper are aware. The ECDC/WHO run a European External Influenza Virus Quality Assessment Programme, which assesses virus isolation, antigenic and genetic characterization methods (1). In the ECDC/WHO EQA serology methods are used to type and identify unknown strains of influenza. This assesses the qualitative results of Haemagglutination Inhibition (HAI) testing using monospecific ferret sera and is aimed at virus identification. However testing for quantifying antibodies in human sera is not assessed. When using serology assays to define antibody correlates of protection, accurate and quantitative results are of the highest importance.

FLUCOP (http://www.FLUCOP.eu/) is a joint European project between academia, vaccine manufacturers and public health authorities, supported by the Innovative Medicines Initiative Joint Undertaking (IMIJU) aimed at standardizing serological assays and developing harmonized protocols for evaluating influenza vaccines. The goal of the FLUCOP project is to have a direct and evidence-based impact on the quality of regulatory decisions and to provide valid and appropriate serological tools for the future definition of alternative correlates of protection for (novel) influenza vaccines. The consortium has made considerable progress with standardization of the HAI assay and Enzyme-Linked-Lectin Assay (ELLA) with large collaborative studies carried out and freely available published SOPs (2, 3). Additionally collaborative studies to standardize the Microneutralization (MN) assay have also been carried out (manuscript in preparation).

Alongside large studies testing harmonized serology assay protocols and the impact of biological standards on inter-lab variability, the FLUCOP consortium set up an EQA feasibility study. In this study we assessed two common assays used for influenza serology: the HAI and MN assays. Participants were asked to test a provided panel of 30 serum samples using four seasonal influenza viruses. This study aimed to determine interest in EQA schemes for influenza serology testing, provide a snapshot of inter-laboratory variation outside the limits of the FLUCOP consortium, assess the use of a serum standard to reduce inter-laboratory variation and provide useful feedback to participants for identifying issues and improving proficiency.



2 Materials and methods


2.1 Participating laboratories

42 Laboratories were invited to participate in the EQA feasibility study. Invited laboratories were from industry, contract research organizations (CROs), academia and public health institutions who regularly conduct HAI and MN testing and have an interest in serology standardization. We received a positive response from 17 participants (a number likely negatively impacted by the COVID-19 pandemic).



2.2 Serum panels and serum standards

Participants were provided with a panel of 30 samples by the University of Ghent. Each panel consisted of 3 pre and 20 post-vaccination human sera (FLUCOP_QIV clinical trial, Fluarix Tetra vaccine containing the following influenza strains: A/Michigan/45/2015 (H1N1)pdm09, A/Hong Kong/4801/2014 (H3N2), B/Brisbane/60/2008 and B/Phuket/3073/2013 samples), 4 duplicated samples (for assessing within-run variability), 2 serum standards and a negative control. The two serum standards included in the study were pools of equal volumes of 4 post-vaccination human serum samples (FLUCOP_QIV clinical trial, Fluarix Tetra vaccine) all of which have med-high titres for all tested influenza A subtype and B lineage viruses. These serum standards were used as calibrators to normalise data from each laboratory (i.e. normalised titres from each testing laboratory are expressed relative to the titre of the serum standard, see statistical analysis). Prior to this study serum samples were pre-screened in HAI/MN and selected to cover a large range in titres. All sera were heat inactivated at 56°C for 1 hour. An IgA/IgM/IgG depleted human sera was used as a negative control (Sigma-Aldrich S5393).



2.3 Serological testing

Participants were asked to test the serum panel with four seasonal influenza viruses. They were asked where possible to use reassortant viruses IVR-180 (H1N1), NYMC-X263B (H3N2), NYMC-BX35 (B Victoria lineage) and NYMC-BX59A (B Yamagata lineage). Antigenically identical wild type (WT) viruses were also considered acceptable for testing. Participants were asked to carry out three independent replicates using any or all of the following: In-house or FLUCOP protocols for HAI testing (2); In-house or the WHO protocol for 2-day ELISA-based MN testing (4); In-house or FLUCOP protocols for 3-day+ MN testing (available upon request). Serum panels were shipped in August/September 2021. Each laboratory returning data was assigned a number (and a colour for all graphical representations of data); each laboratory was only given their own number and colour, thus anonymizing the results from participating laboratories.



2.4 Statistical analysis

As HAI and some MN methods return discrete data within a specific dynamic range, results are often reported as <10 or >(upper assay limit) e.g.>1280. Data returned indicating <t were assigned the value 1/2t, data returned indicating >t were assigned the value 2*t. Intra-assay (within-run) variability was assessed using maximum-minimum ratios of four coded duplicate samples included in the serum panel. Intra-laboratory (between-run) variation was assessed using maximum-minimum ratios of the 3 independent replicates returned for HAI (with the exception of Lab no.13 where only 2 replicate runs were returned) or 2-3 independent replicates for MN (Labs no.7/10/11 returned two replicate runs). Any sample with a ratio greater than 3.5 was excluded from inter-laboratory (between-laboratories) comparisons. Any sample with a Geometric Mean Titre (GMT) <10 was excluded from statistical analysis (shown on graphs for information only). Sample titres were log10 transformed and % Geometric Coefficient of Variation (GCV) calculated using the following equation: (10s-1)x100% where s is the standard deviation of the log10 titres. %GCVs were statistically compared using the Wilcoxon matched paired t test (comparison of raw and normalized titres) or Mann-Whitney U test (comparison of native and ether split B antigen titres).

Geometric Mean Ratios (GMRs) were calculated as the titre of a sample/a reference titre. For overall inter-laboratory variability the reference titre is the GMT of that sample across all testing laboratories (after data exclusion as described above). For comparisons of in-house and FLUCOP protocols, the reference titre is the GMT of that sample tested with the appropriate protocol (i.e. the GMT of a sample across all laboratories testing with the FLUCOP protocol, or the GMT of a sample across all laboratories testing with in-house protocols).

For normalization of titres, from the two serum standards (pools of post-vaccination serum as previously described) included in the panel, we selected the serum standard for which the greatest number of valid data were returned - sample no.17. For each run a calibration factor was calculated as the ratio of titre of sample no.17 in a run/the global GMT of sample no.17 (GMT across all testing runs/laboratories after data exclusion as described above). The calibration factor was then applied to all other titres within that run to calculate normalized titres.

Each participant received a report giving an overview of all returned data, with laboratory specific information for the following: intra-assay variability (maximum-minimum duplicate sample ratios %>3.5 by subtype/lineage compared to the average across testing laboratories), intra-laboratory variability (maximum-minimum ratios of sample titres across runs %>3.5 by subtype/lineage compared to the average across testing laboratories) and inter-laboratory variability (GMRs pre- and post- normalization by subtype/lineage compared to the average across testing laboratories).




3 Results


3.1 Returned data

Of the 17 accepted participants 16 laboratories returned data by the study deadline. One participant dropped out of the study due to administrative issues. For HAI analysis 13 laboratories returned data. One laboratory was excluded as only a single replicate was carried out. Six laboratories carried out both FLUCOP and in-house HAI testing, giving 19 data sets in total. One laboratory carried out two runs (of both FLUCOP and in-house testing). Where two-three independent replicates were carried out, data was taken forward for analysis. For MN testing 8 laboratories returned data. Four laboratories carried out in-house testing, two laboratories used the WHO ELISA-based MN assay (hereafter designated FLU in figures) and two laboratories carried out both in-house and the WHO ELISA-based MN assays, giving 10 data sets in total. It should be noted that laboratory 4 returned MN data for the B lineage viruses only, and laboratory 5 returned in-house MN data for the H3N2 influenza A virus only.



3.2 HAI testing results



3.2.1 Intra-assay variability

We conducted an intra-assay (or within run) variability analysis by comparing the maximum to minimum ratio of 4 pairs of coded duplicates within the serum panel. Duplicate ratios of equal to or less than 2 (≤2) were considered acceptable. In the data returned over 98% of duplicate ratios were ≤2 (73% of the ratios were =1 i.e. the duplicate samples had the same value). Intra-assay performance was good across all laboratories (with a small number of laboratories having higher incidence of duplicate ratios greater than 2)



3.2.2 Intra-laboratory variability

We conducted an intra-laboratory (or between-run) variability analysis by comparing maximum to minimum ratios of all samples tested across the two-three independent replicates performed by the testing laboratories. Table 1 shows the % of values falling within ratios of 1, 2, or ≥4. Figure 1 plots the ratios per laboratory for each influenza subtype/lineage tested. Ratios were generally good for influenza A H1N1 and H3N2 strains, with more than 90% of ratios being <3.5. There is greater intra-laboratory variability for the B-strains, with some individual laboratories frequently obtaining ratios higher than 4. Samples with maximum to minimum ratios greater than 3.5 were excluded from further analysis (see statistical analysis). Overall, 11% of returned data was excluded, with the highest failure rate for B Yamagata (% excluded data H1N1: 9.5%, H3N2: 7.2%, B Victoria: 12.6% and B Yamagata: 15.1%).


Table 1 | 
HAI Intra-laboratory variation - % of maximum to minimum titre ratios across at least 2 replicates that =1, = 2, or ≥4.







Figure 1 | 
Intra-laboratory variability in HAI testing. Maximum to minimum titre ratios for three independent HAI replicates per laboratory (with the exception of Lab no.13 where only 2 replicate runs were returned). Dashed line represents the 3.5 cut-off for data exclusion for inter-laboratory variation analysis. Data in grey indicates in-house assays, data in green indicates FLUCOP assays.





3.2.3 Inter-laboratory variability

An inter-laboratory (or between-laboratory) variability analysis was carried out by comparison of %GCV for each sample tested across all laboratories and a comparison of the GMR of each sample. GMRs were calculated as the ratio of the titre of a sample in a given laboratory/run divided by the global GMT of that sample across all testing laboratories. This gives a relative measure of agreement between the laboratories, where in a perfect world all titres for a sample are the same and thus all ratios are 1. Where a laboratory returns a titre twice the value of the global GMT, the ratio is 2, and conversely where a laboratory returns a titre half that of the global GMT, the ratio is 0.5. The indicative interval of 0.8-1.25 is considered to be acceptable, however this is an arbitrary range. Supplementary Figure S1A shows the overall returned HAI data (after data exclusion as described in statistical analysis) from all laboratories for each influenza A subtype and B lineage. Data from in-house testing is shown in black, data from FLUCOP testing is shown in red. Figure 2 plots the GMR of each sample by laboratory (Figure 2A) and shows a heatmap of %GCV for each sample (Figures 2B, C).




Figure 2 | 
Inter-laboratory variation in HAI testing. (A) GMR of each sample HAI titre compared to the global GMT of that sample across all testing laboratories. Geometric mean and 95% CI are shown in black. The indicative interval of 0.8-1.25 is shaded in grey. Each laboratory has a unique number and colour in all graphical representation of data. (B, C). %GCV of each sample HAI titre across the testing laboratories. Samples with a GMT <10 were excluded from analysis (shown as Xs in B).




Inter-laboratory variation was overall quite low for H1N1 and H3N2 testing, with overall %GCVs of 68 and 55 respectively. Both B Victoria and B Yamagata lineages show much higher inter-laboratory variation, with overall %GCVs of 148 and 176, respectively.



3.2.4 Impact of a study standard on HAI inter-laboratory variation

We included two pools of human sera as study standards within the serum panel tested by participating laboratories. The impact of normalisation using these study standards was explored by comparison of %GCV of log10 titres before and after normalisation with the study standard and a comparison of GMRs before and after normalisation. Pool 1 was selected as more laboratories returned a valid titre for Pool 1 than Pool 2.


Supplementary Figure S1B shows the overall returned HAI data from all laboratories after normalization with Pool 1 (sample 17 in the serum panel). Figure 3A shows the GMR of each sample by laboratory before and after normalization, and Figures 3B, C shows the %GCV of each sample before and after normalization. GMRs after normalization are closer to 1, particularly for the B strains. Normalization significantly reduces %GCV for all subtypes tested: overall %GCVs are reduced from 68% to 50% (H1N1), from 55% to 51% (H3N2), from 148% to 53% (B Victoria) and from 176% to 94% (B Yamagata).




Figure 3 | 
Impact of normalisation on inter-laboratory agreement in HAI testing. (A) GMR of HAI titres for each sample before and after normalisation using Pool 1 (sample 17) as a study standard. Negative samples (HAI GMT <10) were excluded from analysis. Where a laboratory did not return a valid titre for the study standard in each reported run, that laboratory was excluded from analysis (Lab no.12 (H1N1), Lab no.12 (H3N2), Lab no.7 (B Victoria) and Labs no.3 and 5 (B Yamagata)) Geometric mean (circles) and 95% CI (black lines) are shown. The indicative interval of 0.8-1.25 is shaded in grey. Each laboratory has a unique number and colour in all graphical representation of data. (B, C). %GCV of sample HAI titres before and after normalisation using Pool 1 (sample 17) as a study standard. Samples with a GMT <10 were excluded from analysis (shown as Xs in 5C). The Wilcoxon matched pairs test was used for statistical analysis (H1N1, B Vic and B Yam P<0.0001 ****, H3N2 P=0.0146 *). Data are shown for each virus tested: H1N1 A/Michigan/45/15-like, H3N2 A/HongKong/4801/14-like, B Victoria B/Brisbane/60/08-like and B Yamagata B/Phuket/3073-13-like.





3.2.5 Impact of using FLUCOP vs. in-house protocols for HAI testing

Six Laboratories carried out testing using both in-house and FLUCOP protocols. Intra-assay agreement (measured by max-min ratios of four coded duplicate samples in the serum panel) was slightly better when testing with the FLUCOP protocol: only 3/256 ratios were >2 with FLUCOP testing compared to 9/256 for in-house testing. Intra-laboratory performance was generally better for FLUCOP testing than in-house testing: 11.5% of data failed to pass the >3.5 max-min ratio requirement when using in-house testing compared to only 6.8% when FLUCOP testing was used (data compared for the 6 laboratories testing both protocols only). These results indicate an overall better performance within a laboratory when using the FLUCOP protocol.

A comparison of %GCV and GMR for in-house and FLUCOP testing is shown in Figure 4. Here the agreement between the 6 sets of in-house data is compared with the agreement between the 6 sets of FLUCOP testing data. GMRs in general do not show substantially closer agreement when using FLUCOP testing compared to in-house testing (Figure 4A). There is a marginal trend for GMRs to be closer to 1 using the FLUCOP protocol. %GCVs show a similar result (Figure 4B), with slightly lower (but not statistically significant) %GCVs for FLUCOP testing with the B strains, but little or no difference for H1N1 and H3N2 testing.




Figure 4 | 
Impact of using the FLUCOP protocol on inter-laboratory variation in HAI testing. (A) GMR of each sample HAI titre tested across 6 laboratories using both in-house (left in each graph) and FLUCOP (right in each graph) protocols. GMR was calculated as the ratio of a sample HAI titre compared to the GMT of that sample using in-house methods (for in-house GMRs) or using FLUCOP methods (for FLUCOP GMRs). Geometric mean and 95% CI are plotted in black. The indicative interval of 0.8-1.25 is shaded in grey. Each laboratory has a unique number and colour in all graphical representation of data. (B) %GCV for each sample HAI titre tested across 6 laboratories using both in-house protocols (grey) and a FLUCOP protocol (green). Geometric mean and 95% CI are plotted in black.





3.2.6 Impact of using ether split antigen for B virus HAI testing

Laboratories testing B viruses used a mixture of native antigen and ether split antigen in their assays. Separating out laboratories testing with native and split viruses showed that ether split viruses overall gave higher HAI titres, but this does not explain the increased inter-laboratory variability seen for influenza B strains compared to influenza A strains in HAI assays. Supplementary Figure S2 shows HAI titres for native and ether split antigen for B Victoria (S2A) and B Yamagata (S2B) viruses, with a small but statistically significant increase in HAI titres when using ether split antigen titres. Figure S2C shows the %GCV for each sample when tested using native and split antigen. Both groups of native and ether split antigens have high %GCVs all well over 100, and there is no consistent pattern of ether or native antigen having higher or lower %GCVs across the two B lineages; B Yamagata %GCV was significantly lower using ether split antigen and conversely B Victoria %GCV was significantly lower using native antigen. It remains unclear why influenza A viruses gave more consistent results than the influenza B viruses in this study.




3.3 MN data analysis



3.3.1 Intra-assay variability

Intra-assay (or within-run) variability was assessed by calculating the maximum to minimum ratio of four pairs of coded duplicates in the serum panel. 92% (334/364) of coded duplicates had maximum to minimum ratios of ≤3.5, with 41% of duplicates being equal. A small number of coded duplicates (5/364) have higher ratios due to conversion of any titres stating >t to 2*t. Labs no.4 and 7 had slightly higher incidence of duplicate ratios >3.5 (33% for Lab no.4 and 25% for Lab no.7 compared to 8.2% across all testing laboratories). Overall, the MN assay is intrinsically more variable within a run than the HAI. Considering the more complex nature of the assay and the use of live cells, this is perhaps not surprising.



3.3.2 Intra-laboratory variability

We conducted an assessment of intra-laboratory (or between-run) variability by calculating maximum-minimum ratios across the independent replicates performed by the testing laboratories. Several laboratories returned only 2 independent replicates, so we included data where 2 or more independent replicates were carried out. Table 2 gives the % of samples giving equal, ~2-fold and~4-fold or greater difference in titres across the replicates for each individual laboratory broken down by influenza A subtype and B lineage. The majority (95%) of samples have max-min ratios of ≤3.5, demonstrating good intra-laboratory reproducibility. Unlike the HAI, variability is fairly uniform across laboratories and subtype/lineages with some small laboratory specific differences: Labs no.5 and 7 have higher intra-lab variation for H1N1 testing, and Labs no. 1 and 5 have higher intra-lab variability for H3N2 testing. Figure 5 plots the max-min ratios for all samples for each testing laboratory, with the cut off of 3.5 as a dotted line. Data above the 3.5 cut off were excluded from further analysis. Overall, 4.8% of the data were excluded (H1N1: 7.9%, H3N2: 5.6%, B Victoria 3.0% and B Yamagata 3.0%).


Table 2 | 
MN Intra-laboratory variation - % maximum to minimum ratios across at least 2 replicates.







Figure 5 | 
Intra-laboratory variability in MN testing. Maximum to minimum titre ratios for two-three independent MN replicates per laboratory. Dashed line represents the 3.5 cut-off for data exclusion for inter-laboratory variation analysis. Data in grey indicate in-house assays, data in green indicate FLUCOP assays.





3.3.3 Inter-laboratory variability


Supplementary Figure S3A shows the overall returned MN data (after data exclusion as described in statistical analysis) from all laboratories for each influenza A subtype and B lineage. Data from in-house testing are shown in black, data from FLUCOP testing are shown in red. A between laboratory analysis was carried out using two different comparison methods: GMRs of each sample and %GCV of log10 titres. GMRs show a large difference in overall titres between different laboratories and protocols (see Figure 6A). Unlike HAI data, high levels of variation are seen for each subtype and lineage tested in MN. Ratios in general cluster for each laboratory, suggesting a systematic bias in testing rather than random error. %GCVs across the serum panel were much higher for MN testing than for HAI (see Figures 6B, C). Higher inter-laboratory variability is seen for B Yamagata in particular (overall %GCV 230%). %GCV is lowest for the H3N2 subtype (overall %GCV 133%). As only 3 laboratories carried out MN using the WHO ELISA protocol (designated FLU in figures), and not all subtypes/lineages were tested, it is not possible to compare consensus and in-house protocols. Where laboratories tested both side-by-side (Lab no.10 and Lab no.5, Figure 6A) titres were generally higher using the WHO protocol.




Figure 6 | 
Inter-laboratory variation in MN testing. (A) GMR of each sample MN titre compared to the global GMT of that sample across all testing laboratories. Geometric mean of GMRs and 95% CI are shown in black. Laboratories are colour coded and labelled along with protocol type on the x axis. The indicative interval of 0.8-1.25 is shaded in grey. Each laboratory has a unique number and colour in all graphical representation of data. (B) %GCV of each sample MN titre across the testing laboratories. Samples with a GMT <10 were excluded from analysis (shown as Xs in the figure). (C) %GCV of each sample MN titre plotted by subtype and lineage. Geometric mean of %GCV and 95% CI are shown in as black bars.





3.3.4 Impact of a study standard on MN inter-laboratory variation

We included two pools of human sera as study standards within the serum panel tested by participating laboratories. The impact of normalization using these study standards was explored by comparison of %GCV of log10 titres before and after normalization with one of these pools (sample 17) and a comparison of GMRs before and after normalization. Supplementary Figure S3B gives a summary of normalized MN titres across the 8 testing laboratories. It is clear that after normalization titres cluster closer together for each sample. Figure 7A shows the GMRs of each sample by laboratory before and after normalization, with GMRs clearly closer to 1 after normalization. Figures 7B, C shows the %GCV of each sample before and after normalization. Post normalization, %GCV are much improved. A statistically significant decrease in %GCV of over 50% was observed for all four subtypes/lineages tested: overall %GCV was reduced from 194% to 77% (H1N1), from 133% to 64% (H3N2), from 191% to 68% (B Vic) and from 230% to 79% (B Yamagata).




Figure 7 | 
Impact of using a study standard on inter-laboratory variation in MN testing. (A) GMR of the MN titre of each sample before and after normalisation using Pool 1 (sample 17) as a study standard. Negative samples (MN GMT <10) were excluded from analysis. Where a laboratory did not return a valid titre for the study standard in each reported run, that laboratory was excluded from analysis. Geometric mean and 95% CI are shown in black. The indicative interval of 0.8-1.25 is shaded in grey. Each laboratory has a unique number and colour in all graphical representation of data. (B, C) %GCV of each sample MN titre before (raw) and after (norm) normalisation using Pool 1 (sample 17) as a study standard. The Wilcoxon matched pairs test was used for statistical analysis (in each case P<0.0001****) Data are shown for each virus tested: H1N1 A/Michigan/45/15-like, H3N2 A/HongKong/4801/14-like, B Victoria B/Brisbane/60/08-like and B Yamagata B/Phuket/3073-13-like. Negative samples (MN GMT <10) were excluded from analysis (shown as Xs in C).







4 Discussion

The aim of this EQA study was to assess the feasibility of carrying out an EQA scheme for seasonal influenza serology testing, and to provide participating laboratories with a valuable data set giving evidence of a laboratory’s performance within a peer group of laboratories routinely using influenza serology assays. Ideally an EQA scheme would use commutable materials as test samples that have been given assigned values through testing with a reference measurement procedure, with a good understanding of uncertainty within the measurement (5). This is not possible for seasonal influenza testing, where the complex immunological exposure of human donors and the lack of reference measurement procedures for biological assays make such assigned values impossible. As an alternative, we have used the peer group of laboratories in this study to generate global geometric mean titres (GMTs) and used these as the ‘assigned values’ for comparison (i.e. comparison of each laboratory to the mean of all laboratories). This method has the obvious disadvantage that low numbers of participating laboratories and high levels of variation can have a significant impact on the uncertainty of GMTs as assigned values (5), making it harder to set limits on acceptance criteria for (or draw conclusions from) the data. In this study, we had 16 laboratories returning data – a number that was likely impacted by the ongoing Covid-19 pandemic. This represents a limitation of the study, however, the dataset collected is still valuable and serves to highlight where improvements in intra-assay, intra-laboratory and inter-laboratory agreement can be made.

We have not sought to implement limits to which we consider inter-laboratory performance to be acceptable or not. Instead, we have set arbitrary ranges that laboratories may consider (for example the indicative range of 0.8-1.25 for geometric mean ratios) and have put other measures of inter-laboratory variation into the context of existing literature for comparison (for example the %GCVs of samples across the testing laboratories). Intra-assay performance and intra-laboratory performance have been analyzed and described as valid or failed based on standard and published criteria for serology assays (6). For these analyses, laboratories can see whether improvements are required to reduce intra-assay (within-run) and intra-laboratory (between-run) variability. In this study the most commonly observed incidence of variability for HAI testing appears to stem from the balancing of viruses from run to run, with several laboratories having much higher titres in one run compared to the next. Care should be taken to balance viruses to 4 HAU/25ul (or equivalent) at the start of each assay run and ensure adequate training is given to reduce differences in operators/technicians, although it is possible that other factors (such as batch to batch variation in turkey red blood cells and reading of HAI plates) may impact upon this.

This study highlights that variability in HAI testing is significantly higher for influenza B strains compared to influenza A strains. B Victoria and particularly B Yamagata lineage viruses had high %GCV with both native and ether split antigen, however our data suggests that ether splitting the B Yamagata lineage virus reduces inter-laboratory variability. This is in line with a previous study demonstrating that ether split B Yamagata had lower %GCV than native antigen using in-house protocols (2), although interestingly this was not the case for a B Victoria antigen. Why high %GCVs are frequently observed for B Yamagata lineage viruses, and why the use of ether splitting appears more beneficial for B Yamagata compared to B Victoria lineage viruses is not clear, perhaps the quality and stability of ether split antigens may differ between B strains/lineages.

High levels of inter-laboratory variability have been observed for B lineage viruses in a previous FLUCOP study (2) with %GCVs of 89% for B Victoria and 117% for B Yamagata (in-house testing with in-house antigen) compared to 50% for H1N1 and 70% for H3N2 strains. In this study %GCVs for B lineage viruses were more than double compared to %GCVs for influenza A viruses. Participants of this EQA reported that despite careful balancing of B lineage viruses during HAIs, run-run differences in HAI titres were high. It is possible that batch-batch variations in TRBCs have a greater impact on B viruses due to differences in receptor binding affinities between influenza A and B strains. B viruses are known to undergo egg adaptation, augmenting binding to avian sialic acid residues (7), however there is evidence that egg adaptation in B viruses contrasts to that seen in influenza A viruses, in that adaptation may involve multiple viral factors resulting in an increased ability to bind α2,3 receptors in eggs without losing the avidity for human receptors (8). Studies additionally indicate that the steric configuration of asialyl sugars of the receptor analogue may have a greater impact on binding avidity of B influenza viruses than the analogue being an α2,3 or α2,6 linked sialyl-glycan (8, 9). It is possible that subtle differences in asialyl sugar configuration between TRBC batches, and/or mutations during egg adaptation may have a greater impact on influenza B virus HA binding compared to influenza A viruses, although this remains to be seen. Regardless of the cause, this run-run variation was dramatically reduced when results were normalised with a standard, supporting the development of seasonal influenza standards.

The majority of published figures on inter-laboratory %GCV focus on influenza A viruses. The overall HAI %GCVs observed in this study for H1N1 (69%) and H3N2 (57%) are in line with or lower than previous studies (10–14).

For HAI, the use of a consensus protocol alone (without standardized reagents) did not show a statistically significant difference for the 6 laboratories that tested FLUCOP and in-house protocols side by side. Although this study was not initially designed to compare FLUCOP and in-house methods, our analysis shows agreement with previous studies that demonstrate a stricker level of harmonization than protocol sharing is required to be effective in reducing inter-laboratory variability (2, 15).

It was clear that the use of a pool of serum as a study standard was effective in reducing inter-laboratory variation, again consistent with published studies (2, 10, 13, 15). This adds to the growing body of evidence in favor of developing seasonal influenza serology standards.

MN assays had intrinsically higher levels of variability within a run (reflected by 8.2% of coded duplicates failing in MN testing compared to 1.8% for HAI) but run to run variation was lower (4.8% of data are excluded from MN analysis due to high between-run variability compared to 11% of data for HAI). Much of the excluded data for HAI comes from strain specific difficulties in balancing viruses between runs (particularly for B strains), skewing the data slightly. The considerably higher levels of inter-laboratory %GCV seen for MN assays (range of 133%-230%) likely reflect the higher diversity in protocols for MN assays, with multiple readout methods. Other studies agree that MN assays have higher inter-laboratory variation than HAI (10, 13, 14). In comparison to previous studies, the %GCV observed for absolute titres in this EQA is consistent, with values in the hundreds – in fact %GCVs for MN assays have previously been reported with higher values than seen here: H3N2%GCVs in the range of 256-359 (14), H1N1%GCVs in the range of 204-383 (13) and H5N1%GCVs in the range of 112-185 (10). In each of these studies, as seen here, the use of a serum standard significantly reduced inter-laboratory variation. Our data showed a reduction in %GCV of more than half, to less than 80% for each influenza A subtype and B lineage tested after normalization.

This paper represents a feasibility study for carrying out a regular EQA for seasonal influenza serology, gauging the interest of laboratories for participating in such an activity. Some further considerations should be taken into account for such an EQA scheme in the future. As in-house stocks of antigen were tested in this EQA study, it is possible that viruses will have acquired changes during propagation in eggs that will vary from testing lab to testing lab. We also allowed testing of wild type or reassortant antigens that are antigenically identical, though it is known that antigen type (WT, egg or cell passaged) can have an impact on HAI titre and inter-laboratory variation (manuscript in preparation). Perhaps sequencing of HA/NA genes of tested antigen would provide useful information on any variability in in-house antigen stocks. Additionally, it would be interesting to carry out a comparison of in-house protocols used within such a study. HAI protocols have been shown within the FLUCOP consortium to vary at every stage of the assay (2), and although outside the scope of this feasibility study, protocol comparison may reveal important differences and present opportunities for harmonization of serology testing.

We received positive feedback from multiple participants of this feasibility study, demonstrating the positive impact such a scheme would have on identifying laboratory specific issues with serology testing, raising awareness of harmonized protocols for serology testing and raising awareness of the value of biological standards in reducing inter-laboratory variation.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Universitair Zeikenhuis Gent, Commissie vor medische ethiek (committee for medical ethics) Belgian registration number B670201733136. The patients/participants provided their written informed consent to participate in this study.



FLUCOP consortium collaborators

Marie-Clotilde Bernard, Barbara Camilloni, Maria Rita Castrucci, Marco Cavaleri, Annalisa Ciabattini, Frederic Clement, Simon De Lusignan, Oliver Dibben, Susanna Maria Roberta Esposito, Marzia Facchini, Felipa Ferreira, Sophie Germain, Sarah Gilbert, Stefan Jungbluth, Marion Koopmans, Teresa Lambe, Geert Leroux-Roels, Donata Medaglini, Manuela Mura, Nedzad Music, Martina Ochs, Thierry Ollinger, Albert Osterhaus, Anke Pagnon, Giuseppe Palladino, Elena Pettini, Ed Remarque, Leslie Reperant, Hanna Sediri Schön, Sarah Tete, Alexandre Templier, Serge van de Witte, Gwenn Waerlop, Ralf Wagner, Brenda Westerhuis, Fan Zhou.



Author contributions

Conceptualization and study design JW, OE, CC. Laboratory work JW, SM, CT, SR, LC, SS-O, AF, SJ, ML, WW, SL, RC, LM, AB, CF, JD, JE, IM, J-SM, MA, AS, NK, SH, EMa. Data analysis JW. Writing and Editing JW, OE, CT, SM, EMo, AF, SJ, ML, WW, CW, RC, LM, AB, RW, CC, SW, SH, KH, BL, DD. All authors had full access to the data and approved the final draft of the manuscript before it was submitted by the corresponding author.




Funding

This study was funded by the Innovative Medicines Initial Joint Undertaking (IMI JU) under grant agreement 115672, with financial contribution from the European Union Seventh Framework Programme (FP/2007-2013) and EFPIA companies’ in-kind contribution. The Melbourne WHO Collaborating Centre for Reference and Research on Influenza is supported by the Australian Government Department of Health.



Conflict of interest

EMo is Chief Scientific Officer of VisMederi srl and VisMederi Research srl.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.1129765/full#supplementary-material






References

1. ECDC
. European External influenza virus quality assessment programme – 2020 data. Stockholm and Copenhagen: ECDC and WHO: European Centre for Disease Prevention and Control and WHO Regional Office for Europe (2022). Contract No.: WHO/EURO:2022-4757-44520-63020.


2. Waldock, J, Zheng, L, Remarque, EJ, Civet, A, Hu, B, Jalloh, SL, et al. Assay harmonization and use of biological standards to improve the reproducibility of the hemagglutination inhibition assay: A flucop collaborative study. mSphere (2021) 6(4):e0056721. doi: 10.1128/mSphere.00567-21

3. Bernard, MC, Waldock, J, Commandeur, S, Strauß, L, Trombetta, CM, Marchi, S, et al. Validation of a harmonized enzyme-Linked-Lectin-Assay (Ella-Ni) based neuraminidase inhibition assay standard operating procedure (Sop) for quantification of N1 influenza antibodies and the use of a calibrator to improve the reproducibility of the Ella-Ni with reverse genetics viral and recombinant neuraminidase antigens: A flucop collaborative study. Front Immunol (2022) 13:909297. doi: 10.3389/fimmu.2022.909297

4. WHO
. Serological diagnosis of influenza by microneutralization assay world health organisation (2010). Available at: https://cdn.who.int/media/docs/default-source/influenza/2010_12_06_serological_diagnosis_of_influenza_by_microneutralization_assay.pdf?sfvrsn=b284682b_1&download=true.


5. Kristensen, GB, and Meijer, P. Interpretation of eqa results and eqa-based trouble shooting. Biochemia Med (2017) 27(1):49–62. doi: 10.11613/bm.2017.007

6. McDonald, JU, Rigsby, P, Dougall, T, and Engelhardt, OG. Establishment of the first who international standard for antiserum to respiratory syncytial virus: Report of an international collaborative study. Vaccine (2018) 36(50):7641–9. doi: 10.1016/j.vaccine.2018.10.087

7. Wang, Q, Tian, X, Chen, X, and Ma, J. Structural basis for receptor specificity of influenza b virus hemagglutinin. Proc Natl Acad Sci United States America (2007) 104(43):16874–9. doi: 10.1073/pnas.0708363104

8. Velkov, T. The specificity of the influenza b virus hemagglutinin receptor binding pocket: What does it bind to? J Mol recognition JMR (2013) 26(10):439–49. doi: 10.1002/jmr.2293

9. Carbone, V, Kim, H, Huang, JX, Baker, MA, Ong, C, Cooper, MA, et al. Molecular characterization of the receptor binding structure-activity relationships of influenza b virus hemagglutinin. Acta virologica (2013) 57(3):313–32.


10. Stephenson, I, Heath, A, Major, D, Newman, RW, Hoschler, K, Junzi, W, et al. Reproducibility of serologic assays for influenza virus a (H5n1). Emerging Infect Dis (2009) 15(8):1252–9. doi: 10.3201/eid1508.081754

11. Wagner, R, Göpfert, C, Hammann, J, Neumann, B, Wood, J, Newman, R, et al. Enhancing the reproducibility of serological methods used to evaluate immunogenicity of pandemic H1n1 influenza vaccines–an effective eu regulatory approach. Vaccine (2012) 30(27):4113–22. doi: 10.1016/j.vaccine.2012.02.077

12. Wood, JM, Gaines-Das, RE, Taylor, J, and Chakraverty, P. Comparison of influenza serological techniques by international collaborative study. Vaccine (1994) 12(2):167–74. doi: 10.1016/0264-410x(94)90056-6

13. Wood, JM, Major, D, Heath, A, Newman, RW, Höschler, K, Stephenson, I, et al. Reproducibility of serology assays for pandemic influenza H1n1: Collaborative study to evaluate a candidate who international standard. Vaccine (2012) 30(2):210–7. doi: 10.1016/j.vaccine.2011.11.019

14. Stephenson, I, Das, RG, Wood, JM, and Katz, JM. Comparison of neutralising antibody assays for detection of antibody to influenza a/H3n2 viruses: An international collaborative study. Vaccine (2007) 25(20):4056–63. doi: 10.1016/j.vaccine.2007.02.039

15. Zacour, M, Ward, BJ, Brewer, A, Tang, P, Boivin, G, Li, Y, et al. Standardization of hemagglutination inhibition assay for influenza serology allows for high reproducibility between laboratories. Clin Vaccine Immunol CVI (2016) 23(3):236–42. doi: 10.1128/cvi.00613-15


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Waldock, Weiss, Wang, Levine, Jefferson, Ho, Hoschler, Londt, Masat, Carolan, Sánchez-Ovando, Fox, Watanabe, Akimoto, Sato, Kishida, Buys, Maake, Fourie, Caillet, Raynaud, Webby, DeBeauchamp, Cox, Lartey, Trombetta, Marchi, Montomoli, Sanz-Muñoz, Eiros, Sánchez-Martínez, Duijsings and Engelhardt. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OEBPS/Images/fimmu-14-1129765-g006.jpg
51.2 MN GMR H1N1 51.2 MN GMR H3N2

Lab11-H
Lab 5 1-H
Lab 10 I-H:
Lab 10 Flu:
Lab11I-H
Lab 1 I-H:
Lab 5 I-H:
Lab 7 I-H:
Lab 9 I-H:
Lab 10 I-H:
Lab 11 I-H

51.2 MN GMR B Vic 51.2 MN GMR B Yam

r 2z =2 3 1 I 3 I r 2 2T 32 T I 3 T
P22 %231 3% 2% 253232 3% %
3 38953538 ¢ ¢« 33295523 ¢ ecx
333333533338 §3438833333
MN %GCV
B ! c MN %GCV
: 400
4 500
6
. 400
9
300
300
200
100
0
200 \—NOE
Z Z 5
T £ o >
[11]
Overall 100





OEBPS/Images/fimmu.2023.1129765_cover.jpg
’ frontiers | Frontiersin Immunology

An external quality assessment
feasibility study; cross laboratory
comparison of haemagglutination

inhibition assay and microneutralization
assay performance for seasonal
influenza serology testing: A
FLUCOP study





OEBPS/Images/fimmu-14-1129765-g001.jpg
H3N2

H1N1

K N N N N N N N N N N NN N N N NN N J

D
=

nid y1 qe
nid g1 qe
H-l €1 ge

H-18 e
ni4 2 qe
H-1 2 e
ni4 9 qe
ni4 g qe
H-1 6 qe
ni4 p qe
H-l ¥ qe
ni4 ¢ qe
ni4 z qe
ni4 | qe
H-1 L e

ni4 2 qeq
H- 2 e
ni4 9 qe
ni4 G qe
H-1 6 qe
ni4 v qeq
H- v ge
ni4 € qe
ni4 z qeq
ni4 | qeq
H- L e

ni4 y1 qe
ni4 €1 qe
H- €1 qe
ni4 z1 qe
ni4 01 e
H-1 0L qe
H-1 6 e
H-1 8 qe
nid 2 qeq
H-l 2 qe
ni4 9 qe
ni4 g qeq
H-1 6 qe
ni4 v qe
H- ¥ qe
ni4 ¢ qe
ni4d z qe
ni4 | qe
H-1 L ge

B Yamagata
e

® o
9.9 @ 0

nid v qe
nid g1 qe
H-l €1 ge
nid g1 qe
ni4 01 qe
H-1 01 ge
H-1 6 e
H-1 8 qe
ni4 2 qeq
H-l 2 qe
ni4 9 qe
ni4  qe
H- 6 ge
ni4 v qe
H-l v qe
ni4 € qe
ni4 z qeq
ni4 | qeq
H- L ge

B Victoria






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        An external quality assessment feasibility study; cross laboratory comparison of haemagglutination inhibition assay and microneutralization assay performance for seasonal influenza serology testing: A FLUCOP study

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Discussion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Participating laboratories

          



          		

            2.2 Serum panels and serum standards

          



          		

            2.3 Serological testing

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Returned data

          



          		

            3.2 HAI testing results

          

            		

              3.2.1 Intra-assay variability

            



            		

              3.2.2 Intra-laboratory variability

            



            		

              3.2.3 Inter-laboratory variability

            



            		

              3.2.4 Impact of a study standard on HAI inter-laboratory variation

            



            		

              3.2.5 Impact of using FLUCOP vs. in-house protocols for HAI testing

            



            		

              3.2.6 Impact of using ether split antigen for B virus HAI testing

            



          



          



          		

            3.3 MN data analysis

          

            		

              3.3.1 Intra-assay variability

            



            		

              3.3.2 Intra-laboratory variability

            



            		

              3.3.3 Inter-laboratory variability

            



            		

              3.3.4 Impact of a study standard on MN inter-laboratory variation

            



          



          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          FLUCOP consortium collaborators

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-14-1129765-g003.jpg
Normalised GMR

H3N2

GMR

Normalised GMR

HIN1

GMR

ni3 p el
HI Y g
Nl £ qel
nl3 Z e
HI L qe]
i3 L qel

HI 6 qe
Hi g e
HI £ qe
nid £ gel
i3 9 qe
ni3 § e

i3 9 qe
ni3 g e
HI S qel

niJ v qe

Normalised GMR

B Yamagata

GMR

B Victoria Normalised GMR

GMR

0.25:

o
2
s

nid p qe]
HI ¥ qe
nId £ qe)
ni4z qel
HI | qe1
nid L qel

nid 2 qel
ni3 9 qe
nid g qe
HI § g1
nid p qe
HI v e
nid £ qe

1000:

* Ak Hokokk

TRAK

% GCV
% GCV
Normalised

e}
\%

100

ANOD % IVH

wioN

mey

wioN

mey

E
o
z
s
H
o
E
=]
=
F
H
o
£
=)
=
3
H
o©
£
o
z
Y
H
4






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-14-1129765-g007.jpg
GMR

H1N1

Normalised GMR

GMR

% GCV MN titres.

Lab 1 I-H:

Lab 5 I-H:

Lab 9 I-H

Lab 10 I-H:

Lab 1 I-H

x
=
=
a
3

B Vic

Lab 5 I-H-
Lab 7 I-H-:
Lab 9 I-H:
Lab 10 I-H-
Lab 10 Flu:
Lab 11 I-H:

Normalised GMR

H3N2

B Vic

BYam

% GCV

% GCV
Normalised

GMR

GMR

Lab 1 I-H:

Lab 1 I-H:

MN titre % GCV per sample

GMR

Lab 5 I-H
Lab7 I-H

Lab 5 I-H
Lab7 I-H

79

Raw Norm Raw Norm Raw Norm Raw Norm
[S— — — —_

H1N1

H3N2

Lab 9 I-H
Lab 10 I-H

Lab 10 I-H

(189 58
13 63

H3N2

Lab 11 I-H

Lab 1 I-H:

Lab 1 I-H:

B Vic

Lab 5 I-H

Normalised GMR

Lab 7 I-H:
Lab 9 I-H;

I

s
=
a
3

=
i
o
.
a
3

I

z
3

Normalised GMR

B Yam

Lab 9 I-H:

Lab 10 I-H

Lab 11 I-H:

400

300

200

100





OEBPS/Images/table2.jpg
HINL H3N2

Protocol Lab % ~equal % ~2-fold % 4-fold+ Protocol Lab % ~equal % ~2-fold % 4-fold+
In-house 1 I ol ] s7] 3 In-house 1 B 7] 30] | 13
FLUCOP s B 37 330 | 30 FLUCOP 5 ] 37 ] 63 0
In-house 5 N/A N/A N/A In-house 5 B 20 | 570 23
FLUCOP 4 N/A N/A N/A FLUCOP 4 N/A N/A N/A
In-house 7 ] o] EEL 27 In-house 7 BB a7l a7/l 7
FLUCOP s R 7] 23 0 FLUCOP s W 330 10/ 7
In-house 9 I IR 33 0 In-house 9 B ] «7IE] 33 0
In-house 10 I sk 13] 3 In-house 10 R 97| 3 0
FLUCOP 10 I 3 s 0 FLUCOP 10 B | 7B | a3 0
Inhouse 11 0 &3l | 37 0 In-house 11 I :E 27 0

B Victoria B Yamagata
Protocol Lab % ~equal % ~2-fold % 4-fold+ Protocol Lab % ~equal % ~2-fold % 4-fold+
In-house 1 E 57I] 37|] 7 In-house 1 30 7
FLUCOP 5 37 R 57]| 7 FLUCOP s TR ol 37] 3
In-house 5 N/A N/A N/A In-house 5 N/A N/A N/A
FLUCOP a [ 7R 73 0 FLUCOP 4+ B ol 57 3
In-house 7 I 7R 17(] 7 In-house 7 HE &I 30l 7
FLUCOP s B s3I 43] 3 FLUCOP s B ol & 0
In-house 9 l] 17 0 In-house 9 ﬂ: 40 0
In-house 10 I 0l 10 0 In-house 10 HE 7| 33 0
FLUCOP 100 B | sollE | so 0 FLUCOP 100 HE 53 47 0
In-house 11 63l | 37 0 In-house 1u 5/ 0

A mixture of discrete and continuous titres were reported. Continuous titres were grouped in the following ranges: equal (<1.5) ~2-fold (21.5 and <4) and 4-fold + (24). N/A indicates no
data was returned.





OEBPS/Images/fimmu-14-1129765-g005.jpg
H3N2

H1N1

H-l L1 e
nid o1 qe
H-1 01 e
H-1 6 qe
nid4 g qe
H-1 Z e
H-1 G qe
ni4 G qe
nid ¥ qe
H-1 L qe

ni4 g qe
H-1 Zqe
H-16 qe
ni4 G qe
nid ¥ qe
H-1 L qe

B Yamagata

128

H-1 01 qeT
H-1 6 g€
ni4 g qe’
H-l 2 9e1
H-1 G qe7]
ni4 G qe’
ni4 ¥ qe’
H-1 | qe1

B Victoria

128






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-14-1129765-g002.jpg
HAI GMR H3N2

32

|§g§§

QU HI G qe

32
16
8
0.5
0.25

HAI GMR B Yam

32
0.
0.25:

HAI GMR B Vic

nid vy qe
HI v qeq

nid € ey
ni3 z qe
nid L qe
HI Qe
o © © <« ~ - w F3
© - = N
s

HAI %GCV

HAI %GCV

(=3
=]
<

300

200

100






OEBPS/Images/table1.jpg
HIN1 H3N2
Protocol Lab % equal % 2-fold % 4-fold+ Protocol Lab % equal % 2-fold % 4-fold+
In-house 1[0 | a0l | s3] 7, In-house 10 | 430 | 57

rrucor | 1 o7 33 0 rucor | 1 | ol | 33

Flucop 57- 0| Flucop Zm 30(67'

Flucop 10 m 13 Flucop 3.] IBﬂl

In-house 4-F 57- 0| In-house 4I 33(67

Flucop al | 17 I o [Flucop a0 | sl e

In-house 5[ | sl | ol 17| |in-house  sE e3l | 37

Flucop sHIE | s3] 4ol 7| |Flucop sHEE ol 30

Flucop 6l | 27 Je7l 7| |Flucop 6l el ) ||

in-house 7B | s7Tl | a0l 3| inhouse 7EL | 37l | sol]

Flucop il wmEE) al 3 Flucop i G = 33

in-house 8 o7l | 33 0| |in-house 8 | 3 23

inhouse 9 | 43l | 57 0 |in-house 9FE  e7El | 33

In-house  10[ | 20l | solll] 30| |in-house 10f | 40l | a3[]

Flueop  10] e ] 3 Flucop 100 | 40l |60

Flucop 12/ 7] 33| 60 Flucop 12] sl 7]
In-house 1300 l67] | 7 17, In-house 13000 8ol | 17|

Flucop sl | 7] 43 0 Flucop sl 3R] 27

Fucop 240 | a7l | 3l 17, Fucop 140 | a3l | a0l

B Victoria B Yamagata

Protocol Lab % equal % 2-fold % 4-fold+ Protocol Lab % equal % 2-fold % 4-fold+
In-house 1 53 27 0 inhouse 100 70 I | 30

FLUCOP 1 ) | 13 0 Flucor 1 sz B | 43

Flucop IR o] s 7 Flucop IR s B (s3 |

Flucop 3l 13_|l 7 Flucop 30 3 s | a3
In-house 4- 37- 0| In-house 4- 60 - 40 0
Flucop s s 0 Flucop s a7 B |53 0
In-house H | 7.:’ SO-i 63 In-house 5| 3 |] 7 -L
Flucop 5 0 -_ 40 1 60 Flucop 5| 3 l] 17 ﬂ
Flucop ] 7R eo] 3 Flucop sl 33 ] s B 23
In-house 70 | 2 70 10 In-house 700 | a7 B | a7 |

Flucop 7 37| o] 3 Flucop /s I 37

in-house | s 77 2/ 3 In-house 80 |57 | 10

In-house 9 sofl 50 0 In-house 90 | 43 [ |57

In-house 1000 | a3l | 57 0 In-house 100 | 37 [ 63

Flucop | 0l 3 27 0 Flucop 100 27

Flueop 12| E] 3 20l 7| Flucop 12| 13 ] 7 ] %
In-house 13 B 17 0| |in-house 13[ 87 |[| 13

Fucop | B 3] 27 o |Fucop 13 90 [/ 10

Flueop 1400 | 30 | a0l 7 Flueop 140 | soll | 50






OEBPS/Images/fimmu-14-1129765-g004.jpg
H3N2 Flucop

In house

H1N1 Flucop

In house

B Yam Flucop

In house

B Vic Flucop

In house

640

o
N
©

In House
o Flucop

o

¢

o o o
© o <
-—

AJ9 % IVH

20

H3N2 B Vic B Yam

H1AN1





