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ABSTRACT: Historically, classifications of arboviruses were based on serological techniques. Hence, collections of arbovirus isolates have been central

to this process by providing the antigenic reagents for these methods. However, with increasing concern about biosafety and security, the introduction of

molecular biology techniques has led to greater emphasis on the storage of nucleic acid sequence data over the maintenance of archival material. In this

commentary, we provide examples of where archival collections provide an important source of genetic material to assist in confirming the authenticity of

reference strains and vaccine stocks, to clarify taxonomic relationships particularly when isolates of the same virus species have been collected across a wide

expanse of time and space, for future phenotypic analysis, to determine the historical diversity of strains, and to understand the mechanisms leading to

changes in genome structure and virus evolution.
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Viral Taxonomic Methodologies

Virus taxonomy has historically considered multiple contri-
buting types of biological data and hence is referred to as a
polythetic system of classification (as opposed to monothetic).!
Our understanding of virus evolution has itself changed in par-
allel with the multiple technological developments that have
made this classification system possible, with the emphasis at
any one time being on the technology in vogue in that era. The
types of data used for the purposes of classification range from
what might be considered absolute (eg, structural or genome
data) to comparative (eg, serological). Following the recogni-
tion of mosquitoes and ticks as vectors for virus transmission
and isolation and propagation of these arthropod-borne viruses
(arboviruses) in newborn mice, classification was largely
dependent on antigenic evidence, which was painstakingly
obtained using hemagglutination and various serological tech-
niques.” The comparative nature of this analysis meant that
it was entirely dependent on sequential viral isolations and
the storage of archival serological specimens, both crucial for
determining accurate taxonomic groupings and defining the
etiology of disease and transmission. Ongoing collections of
reference arboviral isolates have indeed provided the backbone
for phenotypic, genotypic, and evolutionary studies of these

important viruses and enabled significant advances in vaccine
and therapeutic agent development. Equally important is the
continued development of vector control mechanisms and
early diagnosis to assist public health initiatives and mitiga-
tion of disease. Thus, it is the intention of this commentary to
demonstrate the indisputable importance of arbovirus refer-
ence collections and their significance in future research and
disease control.

Biosecurity Concerns

'The advent of the molecular biology era, with its emphasis on
nucleic acids, has led to the suggestion that it might theoreti-
cally be possible to develop a mathematically based system of
virus classification using only genome sequence data, but it
has yet to be demonstrated. On the other hand, it has also
been argued that such a system may be practically unfeasible.3
With increasing emphasis on the storage of genome sequence
data rather than the viruses themselves, there is the perception
that the value of reference collections has diminished. This
is particularly so when the biosecurity risk of carrying such
material is considered, particularly in the absence of a vaccine.
Between 1980 and 1991, a review of 58 publications revealed
that of the 119 reported laboratory-acquired viral infections,
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approximately 75% were caused by arboviruses or hantaviruses,
and by 1991, the American Committee on Arthropod-Borne
Viruses had assigned 535 registered arboviruses to biosafety
levels 1-4.* In Australia, the Department of Health has
designated nonvaccine strains of yellow fever virus as Tier 2
level Security Sensitive Biological Agents (http://www.health.
gov.au/ssba).

Archival Collections as Tools in the Battle Against
Emerging Arboviruses

Fundamentally, the above considerations potentially apply
to all infectious agents. For example, in the case of variola
virus, it could be argued that historic stocks of the virus
have contributed little to recent research and hence should
be destroyed.” However, rapid urbanization and greater
mobility have increased the epidemic risk of both previously
known and new viral pathogens. With the current propor-
tion of emerging viruses such as Ebola, chikungunya virus
(CHIKYV), and Zika virus (ZIKV), it is clear that we are
far from a complete understanding of their unpredictable
nature and ability to evolve into new, highly transmissible
agents of disease. It is only from methodical analysis of pre-
vious strains that we can fully assess the true pathogenic
potential of viruses, and this must be continually revised as
new and more advanced technological capabilities become
available. Therefore, more detailed study of stored viral
strains may unlock vital information necessary for future
diagnostics and infection control. A good example of this is
the use of archival isolates for the development and testing
of pan-genus conserved primer sets.®™

Ensuring the Authenticity of Reference Strains

The primary value of reference collections is their inherent
comparative capacity such that when new material is collected,
it can be directly assessed against agreed reference strains,
enabling the classification of material collected worldwide.
Reference strains are often the first strain (or prototype)
obtained, and their authenticity can only be verified in ref-
erence to the original archival specimens. For example, the
strain Sofjin was the first isolate of tick-borne encephalitis
virus collected and has since become the de facto reference
strain. Recent genome sequencing of the Sofjin tick-borne
encephalitis virus strain from an original collection was used
to determine that a strain that had been designated Sofjin
held at another site had most likely been contaminated.’
This example demonstrates the value of archival material in
maintaining the authenticity of reference strains, enabling
data in different laboratories to be consistent for the purposes
of comparison. Strain authenticity is also imperative in the
development of antigens for vaccines and diagnostic plat-
forms. In 1962, it was discovered that a seed lot of the yellow
fever virus 17D-attenuated vaccine was contaminated with
avian leukosis virus, a potentially oncogenic agent. Rigorous
measures had to be undertaken to eliminate the contaminant,

and since 1982 only cleared and archived seed stocks of the
vaccine have been used.!®

Preventing Confusion in Nomenclature

Another issue that has arisen in recent years is the repeated
sampling of isolates of a given species of arbovirus, and the
assignation of multiple names to essentially the same virus.
In particular, this has occurred when a virus has been isolated
at sites separated by a large geographic area. For example,
Malakal virus and Kimberley virus are ephemeroviruses (family
Rbhabdoviridae) which are midge and mosquito-transmitted
arboviruses of cattle. These two viruses were collected on
separate continents: Malakal virus in 1963 in Africa and
Kimberley virus in 1973 in Australia. Intriguingly, they
share 90.6% nucleotide identity.!! Based on current species
demarcation for the group, they can be assigned to the same
species. Another example is Tibrogargan virus and Bivens
Arm viruses, tibroviruses (family Rhabdoviridae) isolated in
1976 in Australia and 1981 in the United States, respectively.
Similarly, these viruses share 93% nucleotide sequence iden-
tity and also should be considered part of the same species.!?
These examples show that it is only by sequencing archival
specimens that conflicts regarding accurate species designa-
tions can be resolved.

'This issue of double naming has been exacerbated when
repeated samplings have occurred decades apart. In these
cases, one isolate may be characterized using one technology,
while the later one is characterized using an entirely different
technology. As a result, a connection is never made between
the two isolates, and they are designated different names. This
was exemplified recently by two orthobunyaviruses (family
Bunyawviridae): Gan Gan virus and Trubanaman virus, iso-
lated in Australia in 1970 and 1965, respectively. They have
both been re-isolated and re-named as either Salt Ash virus
(Gan Gan virus) or Murrumbidgee and Buffalo Creek virus

1315 Tn these cases, the

(Trubanaman virus), respectively.
original isolate was characterized using serological tech-
niques, whereas the recent isolations were only characterized
by sequencing. Only by sequencing the original isolate was
it apparent that the older and newer isolates were in fact the
same species. Hence, this example demonstrates the value of
maintaining archival material for the purposes of clarifying
virus classification in future. This is particularly evident when
new technologies emerge which open previously unexplored

opportunities for virus characterization.

Responding to Disease Outbreaks

Arboviruses, which are nearly exclusively RNA viruses, are
prone to rapid change. New phenotypes can emerge, as was
seen recently with the emergence of a mutated, highly trans-
missible CHIKYV strain on Réunion Island and in the Indian
Ocean in 2005-2006, resulting in =266,000 human cases.!®!
In 2013, CHIKYV was introduced into the Americas following
an initial outbreak on the Caribbean Island, Saint Martin.'®
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Importance of archival collections

Surprisingly, phylogenetic analysis demonstrated that the
Indian Ocean CHIKV lineage belonging to the East,
Central, South African genotype was not responsible for the
later epidemics in the Americas, which was caused by a strain
belonging to the Asian lineage. In both instances, it was cru-
cial that contemporary circulating CHIKV strains could be
compared both genotypically and phenotypically with older
African and Asian strains. Similarly, with the advent of ZIKV
emergence in the Pacific in 2007 and the Americas in 2015,
archival ZIKV strains were essential for comparative analyses.
In particular, when infection of pregnant mothers with the
2015 Brazilian strain of ZIKV was associated with cases of
Y a rapid cascade of
research initiatives were undertaken. Codon usage adaptation
has been observed in the ZIKV Asian lineage from which

the Brazilian strain was derived.?’ An in vitro study compar-

congenital malformation in newborns,

ing the 1947 African strain with the Brazilian strain showed
that the latter had significantly different growth properties in
human cortical progenitor cells and organoids and induced cell
death.?! It was only by comparing the Brazilian strain with the
archival strain that an emerging pathogenic phenotype could
be demonstrated.

Understanding Viral Evolution
The rapid change of the RNA viruses, including arbovi-
ruses, has resulted in great diversity and adaptability. This
does not always translate into viability, as various lineages
go to extinction, to eventually be replaced by others. Hence,
archival specimens are essential to get an appreciation of the
historical diversity of arboviruses. For example, Japanese
encephalitis virus (JEV) isolates collected in Indonesia before
1980 were predominantly genotype 11 (GII), while after that
they were replaced with predominantly GIV strains.?? In
northern Vietnam, prior to 1990, the isolates collected were
predominantly GIII, while after that date they were replaced
with strains of GI.23 Similarly, in 1995, an incursion of
JEV occurred for the first time in the Australasian region
in the Torres Strait.>* The arbovirus reference collection at
Queensland Health provides key antigenic material that
allowed the first cases to be diagnosed and provided subse-
quent material for further research. In 2000, a second JEV
incursion into the region was identified, and it was discov-
ered that the previously circulating GII virus was replaced
in the Torres Strait with a GI virus.?® Likewise with den-
gue virus serotype I, an isolate of GII has not been collected
since the 1960s, and a subclade of GI has not been collected
since the 1940s.2¢ It is only the historical collection of these
isolates, and the subsequent sequencing when the technology
becomes commonplace, which has made these evolutionary
studies possible. These examples illustrate the importance of
archival specimens to understanding the historical diversity
of arboviruses and their evolution.

There are a number of other examples of where archival
isolates can shed light on viral evolution. By comparing the

archival specimen with newer strains, they can provide direct
evidence of genetic restructuring such as recombination or
reassortment. For example, reassortment has been docu-
mented many times in the family Bunyaviridae.?” The
sequencing of the genome segments of archival specimens of
this family will enable the origin of the various reassortant
segments to be determined. In addition, archival isolates
have valuable sequence information for use in evolutionary
analysis. Importantly however, it is only the archival speci-
mens themselves that present an opportunity to compare
viral phenotypes at some future time and hence enable the
evolution of such traits as virulence to be studied. Finally,
by their inclusion in long-term datasets, they can provide
the basis for the accurate calculation of the rates of RNA
virus evolution.

Conclusions

Given the importance of arbovirus reference collections,
a concerted effort should be made to address any biosecurity
concerns rather than using this aspect as a means to elimi-
nate them permanently. Archival arbovirus isolates and speci-
mens are an invaluable source of genetic information, enabling
researchers to explore a number of important questions on
virus evolution and pathogenesis, track the history of disease
and assist identification of hosts and reservoirs. Such collec-
tions should be adequately maintained to ensure the authen-
ticity of reference material, establish taxonomic relationships,
test improvements in diagnostics, and to answer fundamental
questions as new technologies emerge.
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