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Introduction: Recent public health emergencies of international concern
(PHEIC) have highlighted the need to develop prophylactic treatments and
effective diagnostics for pandemic preparedness. In particular, the 100 Days
Mission, an initiative to respond to a PHEIC within the first 100 days after
declaration, has put into focus the importance of the early availability of
effective diagnostic tests. Reference materials are valuable to support the
development, assessment and calibration of these tests. The use of World
Health Organization (WHO) International Standards (IS), the highest order
calibrant, allows for the harmonisation of data reporting which assists
performance evaluation. WHO IS for emerging virus molecular testing are
usually made by inactivating the pathogen of interest and they undergo
extensive evaluation in multi-laboratory collaborative studies. However, the
development of such reference material for Lassa virus (LASV) is challenging
due to the requirement for high containment level facilities to handle LASV.
Further, the development of molecular tests for the detection of LASV RNA is
confounded by the high sequence diversity amongst circulating lineages and a
need to evaluate performance against them.

Methods: To circumvent this, we have developed a low containment alternative
using chimeric lentiviral particles packaging the RNA of five prototype LASV
lineages. These were evaluated alongside the whole inactivated virus (Josiah
strain) by 18 laboratories, across 25 methods, as part of an International multi-lab
collaborative study.

Results: The data showed equivalent performance to the authentic virus in
reducing interlaboratory variability; also, they highlighted the variability in
detection across LASV lineages and supported the establishment of the
chimeric particles as a WHO Reference Panel for Lassa virus RNA, alongside a
WHO IS. This will greatly facilitate molecular test development and evaluation.

Discussion: Overall, the strategy has the flexibility to be applied to a range of high
priority viral families and can rapidly be implemented to expand to new viral
sequences of high consequence which may impact molecular test performance.
This represents an important pandemic preparedness initiative to support the
response to the next outbreak, including Disease X.
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Introduction

Lassa fever is an acute viral haemorrhagic illness caused by
Lassa virus (LASV) of the Arenaviridae family, which persists in
Mastomys spp rats and is transmitted to humans primarily via
exposure to their excrement (1, 2). Human-to-human transmission
through contact with body fluids occurs in a proportion of cases,
particularly in healthcare settings. Although it is reported
approximately 80% of cases are asymptomatic, the remaining 20%
result in severe disease (1). Lassa fever is widely reported in West
Africa and is considered endemic in Benin, Ghana, Guinea, Liberia,
Mali, Sierra Leone, and Nigeria. In recent years there has been a
growing number of cases, and it is suspected that the annual Lassa
fever incidence is up to, or in excess of 300,000 infections globally
(3, 4) and that the population at risk is expanding either due to
population increase or an expanding geographic range (5); also,
imported Lassa fever cases in non-endemic regions are not a rare
event (6-8). Lack of licensed medical countermeasures and the high
outbreak potential has led the World Health Organization (WHO)
to list Lassa virus as priority and prototype virus for the
Arenaviridae family in their R&D Blueprint Pathogen
Prioritization report (9). Clinical presentation of Lassa fever is
variable and difficult to distinguish from other febrile illnesses
circulating in endemic regions (1, 4). Rapid, early, diagnosis of a
LASV infection is crucial to case management, including treatment
and isolation measures. The availability of reliable molecular
diagnostics, detecting LASV RNA by reverse-transcription (RT)-
PCR, have proven valuable in the acute phase (10-13). These are
frequently based on in-house assays (14, 15), however there is an
increasing availability of commercial platforms (14, 16, 17).

LASYV is a single stranded, ambisense RNA virus. The genome is
split into two segments, the small segment (S) coding for the
nucleoprotein and glycoprotein precursor and the large segment
(L) coding for the enzymatic proteins. Historically, assays targeting
the S-segment of the LASV genome have required updating because
of false negative results due to newly discovered strains (12).
Instead, targets within the L-segment are usually more conserved,
yet dependent on primer design may detect other related Old World
arenaviruses which reduces test specificity (11). The high genetic
diversity of LASV, which has been phylogenetically grouped into 7
lineages (18-22), with lineages II, III, IV, V and VII being the most
wide spread (23), presents a challenge to the development of nucleic
acid amplification technique (NAT)-based assays, which should be
capable of detecting multiple lineages. This is further complicated
by the designation of LASV as a hazard group 4 pathogen and, in
some countries, inclusion in Bioterrorism agent listings, which
limits sample access and restricts the evaluation of new and
existing NAT assays.

WHO International Standards (IS) are recognised as the highest
order of reference materials for biological substances, with an
assigned potency in International Units (IU) (24, 25). Calibration
of assays to the WHO IS, and reporting of results in IU, allows for
better compatibility between reported data and facilitates more
robustly defined measures of assay analytical performance such as
limits of detection and ultimately reliability of results. The
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availability of an IS for LASV RNA, which can be used in lower
biosafety level laboratories, will allow for equitable comparability of
available NAT-based assays and those under development. Given
the high genetic diversity of LASV, which complicates the
development of pan-lineage assays, the additional availability of a
Reference Panel formed of representative isolates from other LASV
lineages can assist both assay development and validation efforts, as
well as laboratory proficiency and quality assessments. Such an
approach has been applied to NAT-based assays for other diverse
blood-borne pathogens, such as HIV-1 and Hepatitis B virus, with
panels representing variant isolates being updated over time to help
continually monitor assay performance against a changing clinical
landscape (26, 27).

The candidate material to serve as a WHO IS should be as
similar as possible to the clinical sample, to perform in a
comparable manner in the assays and act as primary calibrant
(28). The process for the development of WHO IS is also critical and
it usually takes 2-3 years from endorsement to adoption (25). These
timelines do not align with the rapid response needed during an
outbreak scenario. Even during the COVID-19 pandemic, the
development of the WHO IS for SARS-CoV-2 RNA took 10
months following the WHO Public Health Emergency of
International Concern (PHEIC) declaration (29, 30). Alternative
strategies for the rapid production of reference material in a
pandemic situation are therefore needed. The use of synthetic
armoured LASV RNA preparations, which controls the entire
diagnostic process from extraction to amplification of the target
viral sequences, offers flexibility, through speed of development and
when access to live virus is restrictive. To this end, we have
previously generated chimeric lentiviral particles (LVPs)
containing Ebola virus sequences as a reference reagent for the
molecular detection of Ebola virus (31) which were established as a
WHO Reference Reagent following evaluation in a multi-laboratory
collaborative study (32). A limit of this study was the lack of
comparison with the authentic, inactivated, Ebola virus.

In this study, an inactivated LASV preparation was evaluated
for the ability to harmonise results from assays currently in use in
laboratories worldwide for the detection of LASV infection.
Furthermore, LVPs containing LASV RNA are compared to the
authentic virus to validate their use as a reference material which
can be produced in a rapid manner without the constraint of high
containment levels. Indeed, the LASV-LVPs enabled the generation
of a panel of reference material for each of the LASV lineages which
can be used to assess the suitability of diagnostic methods.

Materials and methods
Lassa virus amplification and inactivation

The Josiah strain of LASV was selected to represent Lineage IV
(NCBI reference sequence: HQ688672 (S-segment); JN650518 (L-
segment)). The viral stock was amplified and inactivated by the UK
Health Security Agency (UKHSA) within a Containment Level 4
facility, following validated in-house methods. Briefly, the viral
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stock was amplified on Vero-E6 cells, in MEM + Glutamax (Sigma-
Aldrich) supplemented with 5% foetal bovine serum (Sigma-
Aldrich) and 1% antibiotic/antimycotic (Sigma-Aldrich),
harvesting the supernatant 3 days post infection and clarifying by
centrifugation at 3,000xg for 10 minutes. The titre of the amplified
stock was measured as 5.5x10° plaque-forming units (PFU)/mL.
Inactivation was performed by first incubating the viral stock with
3% (v/v) glacial acetic acid (Merck) at ambient temperature for 15
minutes, followed by pH neutralisation through the addition of a
IM sodium hydroxide solution (Life Technologies). Subsequently,
the neutralised viral stock was heat treated at 60 °C for 60 minutes
using a heat block and temperature control probes to ensure the
required temperature was maintained during incubation.
Inactivation was verified in vitro by the addition of 50 uL aliquots
of the inactivated viral stock, testing 13% of the batch, onto Vero-E6
cells seeded within a 24-well plate. Testing was performed in
parallel to a positive control of triplicates of a 10-” dilution series
of untreated viral stock. Following 4 days incubation with an Avicel
overlay the plates were fixed with formaldehyde and stained with
crystal violet to confirm the absence of plaques indicating infectious
virus presence. Additionally, 11% of the inactivated viral stock was
blind passaged by incubating 0.5 mL aliquots of inactivated stock
with 2.5x10° Vero-E6 cells seeded within 12.5 cm?® flasks alongside
positive and negative controls, incubating for 7 days. As well as
visually monitoring for signs of cytopathic effect, samples were
tested at the beginning and end of the passage by an in-house Lassa
virus specific RT-PCR assay (33) to confirm no decrease in cycle
threshold (Ct) values was detected.

Chimeric lentiviral particles containing
Lassa virus RNA

The preparation of glycoprotein-deficient lentiviral particles
(LVPs) in which the Human Immunodeficiency virus (HIV-1)
genes have been substituted with the S- or L-segment of LASV
RNA was performed following a similar approach to that described
previously (31). Briefly, the S- or L-segment of Lineage IL, III, IV, V
and VII strains (Table 1) were inserted between the long terminal
repeats (LTRs) of the lentiviral packaging plasmid (0G269, Oxford
Genetics) between the Sall and Nhel restriction sites to remove the
CMV promoter. Safety precautions were taken to prevent protein
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expression, including inserting single nucleotide mutations
randomly within structural genes and the removal of the CMV
promoter of the U3-defective lentiviral plasmid to dampen
expression. Next generation sequencing (NGS) was performed on
the plasmid to confirm insertion of the S- and L-segment sequences
and removal of the CMV promoter, with the sequences deposited to
GenBank (Table 1). The lentiviral plasmids containing the LASV
genes were then individually transfected into HEK293T/17 cells
together with a HIV-1 packaging plasmid p8.91, kindly donated by
Prof. D. Trono (34). The LVPs harvested within the culture
supernatant of the transfected cells were treated with 200U/mL of
DNase I (Invitrogen) to remove residual plasmid DNA and purified
by ultracentrifugation over a 20%-sucrose cushion in PBS. The
quantity of S- and L-segment LVPs was evaluated via real-time RT-
PCR targeting the HIV-US5 region common to each of the particles
(31). An equimolar mix of the two chimeric LVPs containing the
corresponding S- and L-segments of LASV RNA was formulated to
a target of 1x10” genomes/mL for the Lineage IV LVPs and 2x10°
genomes/mL for the remaining Lineages II, III, V and VII, within
universal buffer (10 mM Tris-HCl (pH 7.4), 0.5% human serum
albumin and 1% D-(+)- Trehalose dehydrate) containing a
background of 1x10° copies/mL of human genomic DNA
(Roche). The use of universal bufter allows for the dilution of the
samples in the appropriate matrix for each method (35).

Lassa virus RNA extracts

Whole viral RNA extracts for matched strains of the Lassa virus
lineages II, ITI, IV, V and VII used within this study (Table 1) were
obtained from the Bernhard Nocht Institute for Tropical Medicine,
provided via the European Virus Archive (EVAg). The RNA
extracts were provided within AVE buffer.

Lassa virus genome detection

LASV genome was quantified by both an in-house real time RT-
PCR and the commercial RealStar® Lassa Virus RT-PCR Kit 2.0
(Altona). The in-house assay used published primers and probe set
(15) targeting the L-segment and followed a protocol optimised for
Invitrogen SuperScript IIT Platinum One-Step qRT-PCR reagents

TABLE 1 Sequence information for the Lassa virus strains used to produce LVPs.

NCBI accession number (S-/L-segment)

Lineage (Strain) Strain sequence

Lentiviral plasmid Geographic region origin

Lineage II (Nig08-A37) GU481074/GU481075 OM302259/0M302260 Nigeria
Lineage IIT (Nig08-A19) GU481072/GU481073.1 OM302261/0M302262 Nigeria
Lineage IV (Josiah) NC_004296/NC_004297 OM302263/0M302264 Sierra Leone
Lineage V (AV) AF246121.2/AY179171 OM302265/0M302266 ND
Lineage VII (Togo/2016/7082) KU961971/KU961972 OM302267/0OM302268 Togo

ND, not determined; German returning traveler who visited Ghana, Céte d’Ivoire and Burkina Faso (48).
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(Invitrogen) (36). Viral RNA extraction was performed using the
QIAamp viral RNA mini kit (Qiagen).

Formulation of the reference material

The candidate WHO IS was formulated by diluting the
inactivated Lineage IV, Josiah strain, virus within universal buffer
(10 mM Tris-HCI (pH 7.4), 0.5% human serum albumin and 1% D-
(+)- Trehalose dehydrate) containing a background of 1x10° copies/
mL of human genomic DNA (Sigma-Aldrich). The dilution was
calculated to result in approximately 1.5x10” genomes/mL based on
testing by RT-PCR assays detecting the Lassa virus genome,
as described.

Both the inactivated Josiah LASV and the chimeric LVPs were
then filled and freeze-dried at scale within an ISO9001 dedicated
manufacturing facility. The samples were dispensed in 0.5mL
volumes into 2.5mL glass DIN ampoules at 4°C on an AVF5090
filling line (Bausch & Stroebel, Ilshofen, Germany). The homogeneity
of the fill was maintained by on-line check-weighing of a proportion
of the filled ampoules. Filled ampoules were partially stoppered with
halobutyl 13mm diameter igloo closures and lyophilised in a CS100
freeze dryer. Ampoules were loaded onto the shelves at 4°C and
primary freezing was performed to -50°C over 1.5 hours. Primary
drying was performed at -30°C for 40 hours at 30pb vacuum, then
raising the shelf temperature to 25°C and holding vacuum in
secondary drying for at least 15 hours, before releasing the vacuum
and back-filling the vials with nitrogen. Ampoules were flame sealed
on the same filling line. The sealed vials were stored at -20°C under
continuous temperature monitoring.

Multi-Lab collaborative study samples

To test the performance of the formulated reference materials,
they were included in a panel of samples that were de-identified by
blind coding for testing purposes (Table 2). The panel included the
formulated and freeze-dried inactivated LASV Lineage IV (WHO IS
LASV-1V), and chimeric LVPs, as well as liquid frozen 1:10 and 1:50
diluted samples of the inactivated LASV and the corresponding
chimeric LVP respectively. Both were formulated within universal
buffer containing a background of 1x10°> copies/mL of human
genomic DNA, with the buffer also included as a negative sample.

Statistical methods

Potency estimates for each of the study samples were calculated
from raw data returned by the study participants. A different
approach was applied dependent on whether the data was
quantitative or qualitative. For quantitative data, reported as
copies, the geometric mean of within-assay replicates was taken,
correcting for sample input, dilution factor and linearity of dilutions
where appropriate. A potency estimate was reported as Logj
copies/mL calculated from the geometric mean across the
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independent assays. Qualitative data, reported as Ct values and
their positive/negative interpretation, was evaluated to provide a
potency estimate in Log;o NAT detectable units/mL (NDU/mL)
which is corrected for the equivalent volume of sample amplified.
This was calculated by pooling sample data across independent
assays within a laboratory, with an acceptance criterion of at least 4
replicates at each dilution point, to provide a number positive out of
number tested at each dilution step. A single endpoint for each
sample dilution series was calculated using the method of
maximum likelihood (11). The model assumes that the
probability of a positive result at a given dilution follows a
Poisson distribution and that a single ‘copy’ will provide a
positive result. The estimated endpoint is equivalent to the
dilution at which there is an average of a single copy per sample
tested, or the dilution at which 63% of samples tested are positive.
Calculations were performed using the R package ‘glm?2’ (37).

Potencies relative to samples WHO IS LASV-IV or IV-LVP
were calculated by parallel line analysis (PLA) using the raw data for
sample dilutions provided either in copies or Ct values. All
calculations were performed using Combistats (38). Linearity was
assessed by visual assessment. Test samples with response ranges
that did not overlap with the range for the sample selected as
reference standard were also excluded from the calculation of
relative potency. Non-parallelism was assessed by calculating the
ratio of fitted slopes for the test and candidate reference sample
under consideration. Samples were concluded to be non-parallel
when the slope ratio was outside of the range 0.67 — 1.50 and the
resulting relative potency estimate was considered not valid. All
potencies are presented in Log;, units.

Overall analysis was based on the Log;, estimates of copies/mL,
‘Logio NAT detectable units/mL’ or Log;, relative potency, as
required. Overall mean estimates were calculated as the
arithmetic mean across all laboratories, combined, as well as
segregated based on assay target. Statistical analysis was
performed on combined data to evaluate inter-laboratory

TABLE 2 Samples provided as part of multi-lab study.

NIBSC Sample o :
S Abbreviation Formulation
code Description
Candld'ate WHO IS - WHO IS LASV- N
21/112 Inactivated LASV v Lyophilised
Lineage IV
21/102" LASV Lineage II LVP II-LVP Lyophilised
21/106' | LASV Lineage Il LVP II-LVP Lyophilised
21/110 LASV Lineage IV LVP IV-LVP Lyophilised
21/108" LASV Lineage V LVP V-LVP Lyophilised
21/104 LASV Lineage VII LVP VII-LVP Lyophilised

Inactivated LASY
n/a nactivate LASV-TV (Low)

F liquid
Lineage IV, low potency rozen liqui

LASV Lineage IV LVP,

IV-LVP (Low)
low potency

n/a Frozen liquid

n/a Buffer only Negative Frozen liquid

!Available at www.nibsc.org as a panel under NIBSC product code 22/108.
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variation. This was expressed as the standard deviation (s) of the
Log;, estimates, the % Geometric Coefficient of Variation: % GCV
={10° -1} x 100 % and the Interquartile Range (UQ/LQ) of the
untransformed estimates. Further analysis of variability was
undertaken by calculating the proportion of laboratory mean
potency estimates within 0.3 Log;, (2-fold) of the study median
estimate for the sample.

Results
Collaborative study design

Eighteen participants joined the collaborative study using
methods for the detection of LASV RNA in routine use in their
laboratories (Supplementary Table S1). Participants were asked to
perform 3 independent assay runs, and for each assay, to prepare at
least two independent dilution series of the samples, within a matrix
specific to their assay, which would optimally cover 5 to 6 dilution
points, with at least one point beyond the endpoint dilution. Data
was returned from 25 methods with 11 methods involving the
detection of 2 target genes. Where laboratories performed multiple

10.3389/fviro.2025.1668042

assay methods, or a method provided a readout against multiple
targets, laboratory codes are appended by a letter indicating the
different methods/targets e.g. 1a, 1b. The methods used include
both in-house and commercial kits, with technologies based on
block/gel-based RT-PCR, real-time RT-PCR and digital PCR. Four
of the datasets provided quantitative results expressed in copies,
with the remaining datasets providing qualitative results as either
pos/neg or Ct values.

All the study samples were correctly
identified by dual target LASV NAT
methods

Initially we focused on the correct identification of positive and
negative panel samples by the participants (Table 3). Eleven
participants processed the samples with a dual target method
(Table 3, highlighted in grey) and following the manufacturer’s
instructions, a sample is scored positive if at least one of the target
genes is detected. The majority of the participants used the same
platform, RealStar® Lassa Virus RT-PCR Kit 2.0, and correctly
identified samples as positive or negative across both targets; while

TABLE 3 Scoring of study samples as positive or negative by the different LASV RNA Assay methods.

Assay WHO IS
Lab target LASV-1V

o T
z .

II-LVP  IlI-LVP  IV-LVP

Frontiers in Virology

V-LVP

Sample

IV-LVP
(Low)

LASV-IV
(Low)

e

VII-LVP Negative

N

N

(Continued)
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TABLE 3 Continued

WHO IS
LASV-IV

Assay

Lab target (B

lI-LVP  IV-LVP

N/ID/N

'Results representative of 2 independent experiments.
“Results represent a single experiment.
P, positive; N, negative; ID, indeterminate result.

V-LVP

10.3389/fviro.2025.1668042

Sample

LASV-IV
(Low)

IV-LVP

VII-LVP e

‘ N/ID/ID

N

Negative

Laboratories reporting results from a dual target method are highlighted in grey. Where results were inconsistent across the 3 independent experiments, the readout for each of the replicates is

given.

an alternative commercial platform (Lab 15) did not detect the four
LVP samples for lineages II, III, V and VII with the S-segment
target, however the samples were still determined as positive due to
detection via the second, L-segment, target.

The inactivated Josiah LASV (WHO IS LASV-IV) and the IV-
LVP were detected across all single target assays, with just Lab 8a
recording a false negative result in one out of 3 replicates for the
inactivated LASV-IV. The lower potency dilutions of the WHO IS
LASV-IV and the IV-LVP were also detected efficiently by all but
one (IV-VLP low) or two Labs (LASV-IV low), which likely reflects
a lower sensitivity of these methods. The LASV Lineage V-LVP
sample was detected by all but one assay (Lab 11d) which uses a
Lineage IV-specific primer set and thus also failed to detect the
samples for the other LASV Lineages. Overall, around half of the
single target methods failed or could not efficiently detect Lineage
III (8/14) and Lineage VII (7/14), while the Lineage II sample was
detected more efficiently, with just 3/14 methods recording a false
negative result. Only one single target method returned a false
negative result for the Linage V sample. There was a higher
detection failure rate for assays targeting the S-segment, as
expected based on the known genetic diversity within this target
across the divergent Lineages. There were no cases of false positive
results reported for the negative control.

Frontiers in Virology

There is a high variability in LASV RNA
quantification between laboratories

The majority of methods (21/25) within the study reported a
qualitative result readout (threshold cycle, Ct) across end-point
dilutions. Using this data, a quantitative raw potency estimate was
calculated as Log;o NAT detectable units (NDU)/mL and the data
was analysed alongside that of quantitative results reported in Log;
copies/mL (Supplementary Table S2). It is important to note that
NDU/mL and copy numbers are not necessarily equivalent and
therefore the two units may not be directly comparable. Overall, the
reported potency estimates varied considerably for each of the
samples with more than 1000-fold difference across the majority
of samples, although the lowest potency sample (LASV-IV low) had
just a 107-fold spread in estimated potencies (Figure I;
Supplementary Table S2). The data did not show a clear
distinction between detection capabilities amongst the different
lineages or potency estimates for assays based on whether they
were targeting the S- or L-segment, however there was a general
trend for higher estimates for assays targeting the S-segment.
Although this was not the case for the Lineage III and VII-LVP
samples, which had lower potency estimates for assays targeting the
S-segment. The LVP samples for Lineage II, III, V and VII were
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formulated to be equivalent potencies based on common sequence
in lentiviral vector, yet the average LASV-specific potency estimate
is only equivalent for the Lineage II and V sample. The estimated
potency of the WHO IS LASV-IV is 85-fold lower than the
corresponding chimeric IV-LVP, which is close to the expected
65-fold difference based on the formulation of the samples (2x10°
genome/mL versus 1.65x10” genomes/mL).

Inter-laboratory variation is reduced by
reporting sample potencies relative to a
WHO IS

The intended use of an WHO IS is to increase comparability of
results from different assays targeting the same analyte by providing an
independent reference, which allows data to be harmonised by
expressing the values in the same International Unitage (IU)
calculated relative to the WHO IS. To assess the suitability of the
inactivated LASV-IV to serve as a WHO IS, the results from the
participants were calculated relative to the WHO IS LASV-IV by
parallel line analysis for datasets associated with numerical values (Ct
value or copies) (Figure 2; Supplementary Table S3). Except for sample
VII-LVP and III-LVP, all other samples showed a reduction in the
spread of data for the combined S- and L-segment targets compared to
the raw potency estimates. This is reduced from more than 1000-fold
(Figure 1) to within 70-fold for the Lineage IV samples (Figure 2). The
spread of data for the Lineage II-LVP is reduced from 2000-fold to
within 180-fold. The spread of data for Lineage V-LVP sample is
affected by an outlying data point, without which the potencies fall
within 18-fold. With the data expressed relative to the WHO IS, the
disagreement in sample potency estimates between the S- and L-
segment target assays for samples III-LVP and VII-LVP becomes
distinct. This is due to the lower detection efficiency of assays
targeting the S-segment for Lineages III and VII, while for the other

10.3389/fviro.2025.1668042

Lineage II, IV and V samples the expected potency is detected, and it is
similar (within 3-fold) to the that obtained by targeting the L-segment.

Chimeric LVP achieves similar levels of
data harmonisation to an inactivated virus
based WHO IS

To evaluate whether the chimeric LASV IV-LVP can be used as
a suitable alternative to inactivated virus for reducing inter-
laboratory variation, the LASV RNA quantification results from
the participants were also expressed relative to the IV-LVP sample
(Figure 3; Supplementary Table S4). The level of data
harmonisation achieved is similar to that observed with the
WHO IS LASV-IV, with potency estimates between methods also
falling into a 70-fold range for the Lineage IV samples, a lower 112-
fold range for the Lineage II-LVP and a comparable 23-fold for the
Lineage V-LVP samples once the outlying datapoint is removed.
Similar to the inactivated virus WHO IS, the data harmonised to the
IV-LVP shows a clearer distinction in the detection of the S- and L-
segment, with the results clustering based upon assay target and
demonstrating the lower detection efficiency for the S-segment.

The level of harmonisation achieved by WHO IS LASV-IV and
IV-VLP was compared using statistical measures of interlaboratory
variation which included the Geometric Coefficient of Variation (%
GCV), the proportion of potencies within 0.3 Log;o (2-fold) of the
median (GM: Med<2) and the interquartile range (UQ/LQ) (Table 4).
Overall, a comparable performance between the inactivated virus
WHO IS and the chimeric IV-LVP is observed, demonstrating
suitability of the chimeric LVP to act as a reference material. Whilst
harmonization is not observed for the Lineage III- and VII-LVP when
considering the combined S- and L-segment target datasets, when the
L-segment data is evaluated in isolation there is a similar improvement
in the statistical measures of data harmonization (Supplementary Table
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FIGURE 1

Laboratory reported potency estimates for the study samples. Data is reported as Logi;o NDU/mL for labs reporting qualitative data (full symbols) with
endpoint Ct values and Log;o copies/mL for labs reporting quantitative data (open symbols). Black lines denote the average potency estimate.
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FIGURE 2

Potency estimates of the study samples reported relative to the WHO IS LASV-IV. Potency estimates were determined by parallel line analysis based
on Ct values (qualitative) or copies (quantitative), with an assigned value of 4.3 Log;o IU/mL for the WHO [S. Black lines denote the average potency

estimate.

S5). Altogether, this highlights that when LASV NAT assays are
calibrated to the WHO IS LASV-IV data reporting when testing
other divergent Lineages is harmonized.

A reference panel for LASV lineages
supports evaluation of NAT-based assay
performance

As the testing of the chimeric LVPs for LASV Lineages III and
VII revealed a high variability in detection, with a separation of
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potency estimates for the S- or L-segment, additional
characterization experiments were performed to investigate
whether the preparation of the LVP samples caused the poor
performance of the S-target assay. Each of the chimeric LVPs was
tested alongside matched whole viral RNA extracts obtained though
EVAg using the RealStar® Lassa Virus RT-PCR kit, which targets
both gene segments. The results are reported relative to the WHO IS
LASV-IV and expressed in IU/mL, to facilitate comparison between
the data. It was found that both the chimeric LVP and whole virus
RNA performed similarly, with the same lower potency detection
for the S-segment of the Lineage III and VII samples (Figure 4). This
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based on Ct values (qualitative) or copies (quantitative), with an assigned arbitrary value of 6.3 Logio units/mL for the chimeric Lineage IV-LVP. Black

lines denote the average potency estimate.
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TABLE 4 Interlaboratory variation of the study sample potency estimates.

10.3389/fviro.2025.1668042

Sample
combined ts‘_;rggfs Lsegment oy IFLVP VP V-LVP V-Lve vii-Lvp HASVERE TELVE
Reported 580.7 900.6 1656.5 786.6 131856 642.7 24556 646.3
%GCV Relative to WHO 1559 2468 93.9 341.6 1765.7 65.7 1472
IS LASV- IV
Relative to IV-LVP ‘ 919 ‘ 150.6 3465.7 4109 23132 1205 116
Reported 32% 16% 2% 32% ‘ 17% 48% 32%
GM: Med<2 Relative to WHO 73% 77% 71% 8% 78% 57%
IS LASV- IV
Relative to IV-LVP ‘ 77% 77% 54% 8% 48% 83%
Reported 6.9 16 154 16.9 ‘ 11.4 4.1 15.7
UQ/LQ gelzz‘s';f"IyHo 24 732.1 1.8 27 332.1 22 34
Relative to TV-LVP ‘ 18 ‘ 16 1209 38 562.6 42 16

The percentage geometric coefficient of variation (%GCV), the proportion of potencies within 0.3 Log,, (2-fold) of the median (GM: Med<2) and the interquartile range (UQ/LQ) are calculated
from the reported, relative to WHO IS LASV-IV and relative to IV-LVP potency estimates for all assay targets. The best result for each parameter and sample is highlighted green.

data demonstrates a different efficiency in the detection of the LASV
RNA in the dual-target assay for Lineage III and VII and highlights
the value in the availability of a well characterized Reference Panel
comprising the other Lineage samples (IL, III, V and VII) to support
evaluation of assay performance.

Discussion

Reference Materials are required to facilitate comparison of
results from different methods and/or different laboratories.
Harmonised calibration of assays is an essential step to
optimising clinical management of patients, ensuring consistency
in treatment and also effective diagnosis, which is particularly
critical during outbreak scenarios which may occur for priority
pathogens. WHO IS, established by the Expert Committee on
Biological Standardization (ECBS), are the highest order of
reference material and they define the unitage, International Unit
(IU) to express the biological potency of a sample. The complex
nature of clinical samples means nucleic acid amplification cannot
be precisely determined by physiochemical means (25); indeed, the
multi-step process from clinical sample collection to result, and the
presence of potential contaminants in the samples means that there
is greater inherent variability. Therefore, expressing results relative
to a Standard calibrated in IU/mL prevents assay-bias and reduces
inter-laboratory variation (24). However, it is important that the
reference material is included in every step of the procedure to
control the whole process, including the nucleic acid extraction.
Authentic virus is therefore the ideal candidate to serve as WHO IS
for viral NAT-based methods and this has been demonstrated for
multiple infectious disease diagnostic NAT-based assays,
particularly in the blood virology field (24, 25). As an example,
the detection of human hepatitis C virus (HCV) by molecular
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methods has demonstrated a 30-fold improvement in comparability
of data between different kits since a WHO IS was first made
available in 1997 (39). In this study we have shown that a
preparation of acid/heat inactivated LASV lineage IV (Josiah
strain) is able to reduce the difference in the quantification of the
LASV RNA between the 18 participants by more than 10-fold. The
results from this collaborative study were discussed during the
WHO ECBS meeting in April 2022 and the committee established
the sample WHO IS LASV-IV, NIBSC product code 21/112, as the
First WHO International Standard for Lassa virus RNA (40, 41).
Given the high genetic diversity of LASV and the challenges to
develop pan-lineage assays, a further factor that was evaluated
during this study was the utility of a WHO IS based on a Lineage
IV, Josiah strain, to harmonise the reporting of data across other
Lineages. The results showed that the variability of reported data
when testing prototype strains for Lineages II, III, V and VII could
be reduced if reported relative to the WHO IS LASV-IV (Figure 1
and 2). The majority of assay methods within the study rely on
qualitative results determination with the dual-target assays being
able to correctly detect positive/negative samples based on at least
one of the targets being positive. The qualitative nature of these
assays also overcomes probable difficulties in concordant
quantification between targets for more divergent strains,
highlighted by the different efficiency in the detection between
targets in the S- and L-segment for the Lineage III and VII
samples (Figures 3, 4). This could be due to primers mismatch,
however, as the primer sequences are proprietary it was not possible
to confirm. The issue of ensuring consistency in the detection and
performance of assays for viruses which have a high level of genetic
variability has previously been overcome with the availability of
Reference Panels comprising representative variants, with examples
including HIV-1 and Hepatitis B virus (HBV) (42-44). The panels
can be updated as new variants arise and help facilitate
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Potency of the LASV chimeric LVP samples compared to matched whole viral RNA extracts. Each sample was quantified in parallel, alongside the
WHO IS, with potencies reported relative to the Standard in IlU/mL based on parallel line analysis of sample Ct values. Error bars represent the 95%

upper and lower confidence limits (n=2).

improvements in assay development. The results of this study
supported the establishment of a WHO International Reference
Panel for Lassa virus RNA, NIBSC product code 22/108, which
comprises Lineage II, III, V and VII samples (45) and can be used
for the development and evaluation of both quantitative and
qualitative assays.

The Reference Panel members were easily produced using the
chimeric LVP strategy (31) based on published sequences (Table 1).
Chimeric LVP can be produced within a few weeks from when a
viral sequence is available and have a favourable safety profile.
Further, they act as a whole process control due to being based on a
lentivirus and thus require nucleic acid extraction. As a response to
an outbreak, in the context of the 100 Days Mission, it is critical to
ensure early availability to accurate and standardized diagnostics
(46). This was highlighted during the response to the SARS-CoV-2
pandemic, where NAT-based assays flooded the market and an
evaluation of their fitness for purpose was required (47). In this case,
a chimeric LVP for SARS-CoV-2 was rapidly made available as a
Working Standard within 8 weeks of the WHO declaring a PHEIC
(NIBSC product 19/304), although technology is available to reduce
the timeframe further. A single batch of approximately 1500 vials
was provided free of charge and lasted more than one year to bridge
until the WHO IS was available. Following establishment of the
WHO IS based on inactivated virus, users of the Working Standard
were able to back-calibrate assays to provide results in International
Units (30). Similar to the conclusions from the SARS-CoV-2 RNA
study, in this collaborative study we have demonstrated that a
chimeric Lineage IV-LVP could harmonise data reporting in a
comparable manner to the equivalent inactivated virus and act as a
suitable reference material. A limitation of this study is the
restrictions associated with handling of un-inactivated Lassa virus,
which is a hazard group 4 pathogen, meaning it was not possible to
fully assess other factors of performance such as the effect of the
inactivation procedure or a comparison with clinical samples within
the collaborative study.
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The value of this study is not limited to Lassa virus diagnostics,
but is applicable to priority pathogens which require high
containment level or are not easily isolated and propagated in
vitro or difficult to share globally. This work offers a strategy to
develop essential tools to support the critical phases of a pandemic/
epidemic where accurate and timely diagnosis is fundamental to
identifying, monitoring and controlling pathogen transmission.
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