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Supplementary Text B
Complications in the Analysis of Microneutralisation Assay Data
1. Handling of Data Below or Above the Limit of Detection (LOD)

Given that sample volumes are frequently low, especially when collected from small
animal models such as mice, dilution series often need to be started at suboptimal sample
dilutions. This poses problems for the analysis and interpretation of data, e.g., lack of neu-
tralisation at a starting dilution of 1:80 does not mean that the sample contains no neutral-
ising antibodies. Convention would have an arbitrary value assigned to the sample in this
situation, however the particular arbitrary value used can substantially affect the calcula-
tion of fold-differences and statistical analysis. Not having a standardised approach across
different research groups will make it difficult for the WHO and other public health bod-
ies to make meaningful comparisons and policy decisions [30].

The conservative approach would be to assign a value one dilution factor lower than
the lower LOD (or one dilution factor higher than the upper LOD) for any sample for
which a quantifiable titre cannot be obtained. Although this approach will frequently
overstate neutralisation of low-responding samples, this will result in a sample below the
lower LOD (BLOD) having the maximum possible neutralisation titre, and a sample above
the upper LOD having the minimum possible neutralisation titre. Accordingly, calculated
fold change differences between groups will be the minimum, and statistical comparison
will be most conservative.

Example 1: Low sample volume availability means that four samples have to be used
at a starting dilution of 1:40. Each sample is run in triplicate.

Results

Sample 1: 80, 160, 160

Sample 2: BLOD, BLOD, BLOD
Sample 3: BLOD, 40, 40
Sample 4: BLOD, 40, BLOD

Analysis

Sample 1: An NTsovalue can be calculated using the Spearman-Karber approach as 180
Sample 2: All samples are below the LOD (no neutralisation at 1:40). Arbitrary value set
at one dilution below, i.e., replicate titres 20, 20, 20. NTso value calculated as 28

Sample 3: One sample below LOD, two have neutralisation at 1:40. Arbitrary value set at
one dilution below, i.e., replicate titres 20, 40, 40. NTso value calculated as 45

Sample 4: Two samples below LOD, one has neutralisation at 1:40. Arbitrary value set at
one dilution below, i.e., replicate titres 20, 40, 20. NTso value calculated as 36



2. Handling of Data Below the LOD with Different Starting Dilutions

Where possible, samples should be run using the same starting dilution, however
occasionally it is necessary to balance assay resolution with sample availability. If
comparisons are to be made between such samples, every effort should be made to mini-
mise the difference between the starting dilutions (ideally no more than one dilution fac-
tor different). For titres that can be calculated from the dilution series, there will be no
issues with the difference in starting dilution, however if samples have titres below the
LOD there will be complications. In this situation, the arbitrary value assigned to all sam-
ples below the LOD should be that of the lower starting dilution. The exception being if
one or more replicates have neutralisation at the higher starting dilution. In this situation,
an arbitrary value one dilution lower than that sample’s starting dilution will be used.

Example 2: Low sample volume for some of the samples means that two samples can
be used at a starting dilution of 1:10, while two samples have to be started at 1:20. Each
sample is run in triplicate.

Results

Sample 1 (starting dilution 1:10): 20, 40, 20

Sample 2 (starting dilution 1:10): BLOD, BLOD, BLOD
Sample 3 (starting dilution 1:20): BLOD, BLOD, BLOD
Sample 4 (starting dilution 1:20): 20, BLOD, 20

Analysis

Sample 1: An NTsovalue can be calculated using the Spearman-Karber approach as 36
Sample 2: All samples are below the LOD (no neutralisation at 1:10). Arbitrary value set
at one dilution below, i.e., replicate titres 5, 5, 5. NTso value calculated as 7

Sample 3: All samples are below the LOD (no neutralisation at 1:20). Arbitrary value set
at one dilution below lowest starting dilution used in assay (1:10), i.e., replicate titres 5, 5,
5. NTsovalue calculated as 7

Sample 4: One samples below LOD, two have neutralisation at 1:20. Arbitrary value set at
one dilution below sample starting dilution, i.e., replicate titres 20, 10, 20. NTso value
calculated as 22



