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Abstract: Observations on cultured mosquito cells or whole mosquitoes infected with arbo-

viruses in laboratories and in nature led to a hypothesis which might well explain the

geographical distribution of various but related arboviruses in the world. The hypothesis

of "biological filter" takes into consideration of the high mutation rate of RNA genome
combined with 2 different kinds of selective pressures which could be conferred on the

virus population by alternative growth in 2 phylogenetically remote hosts, that is vertebrates

and arthropods. Such a mode of virus growth could result in a limited range of variation

of the virus in spite of the high rate of mutations during growth cycles in both hosts.

Since different species of arthropods or vertebrates have been existing in different parts

of the world, the selective pressures on arboviruses in various geographical areas could
have been different. Thus, arboviruses, which might have originated from a single or

limited numbers of ancestor(s) could have diverted, through enormous generations of

growth cycles, into many related but different species existing in different geographic

areas of the world at present. Although the viruses coud have undergone vast numbers

of mutations through their growth in vertebrates and arthropods, only a certain range of

selected mutants could have survived the evolutional process, when they possessed selective

advantages to grow both in vertebrate hosts and arthropods vectors living in that area.

The hypothesis appears to explain the reason why there are so many different but related

arboviruses in the world now, possessing their own geographical distributions.
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CONSIDERATIONS

There have been more than 350 species of arboviruses listed in the "International

Catalogue of Arboviruses" (Berge, 1975), each possessing its unique geographical distrib-
ution. Arboviruses are grouped according to their characteristic mode of transmission in

nature. They grow in vertebrate hosts, showing viremia and serves as infecting source in

the blood meal to the hematophagous arthropods, called vectors. The virus then multiply

in the tissues of arthropod and after a certain extrinsic incubation period appears in the
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salivary gland and then capable of infecting another vertebrate hosts when the infective
vector bites on them (WHO, 1967).

It has been well-established that cultured mosquito cells persistently infected with

certain arboviruses could generate temperature-sensitive (fc) mutants, which showed dif-

ferent biological characteristics from the "standard" virus that had originally been used to

initiate the infection (Stollar and Shenk, 1973; Shen'k et al., 1974; Stollar et al., 1974;

Maeda et al., 1979; Igarashi, 1979; Mah and Westaway, 1980; Kurio, 1982). Such ts-'
viruses generally exhibited reduced virulence to mice, the most widely used vertebrate host

in laboratories (Rehacek, 1968 ; Banerjee and Singh, 1968 ; Buckley, 1973 ; Sinarachatanant

and Olson, 1973; Stollar et al., 1974; Davey and Dalgarno, 1974; Peleg, 1975). Since

these ts mutants possessed lower affinities to vertebrate rather than mosquito cells, their

interfering activity on the growth of standard virus was more evident in mosquito cells

than in vertebrate cells (Table 1 ). Therefore, such ts viruses will continue to be dominant

population as long as persistently infected mosquito cells are maintained. However, once

such virus population was transferred to vertebrate cells, small fraction of non-ts virus in

the population possessing higher affinities to and higher growth capacity in vertebrate cells

than the fc-virus could become dominant proportion of the virus population. Ts-mutant of

Sindbis virus (an alphavirus of mosquito-borne togavirus) which was generated from per-

sistently infected mosquito cells, was shown to "revert" easily to the "wild" type after a

few passages in vertebrate cells (Shenk et al. , 1974).

When Sindbis virus was serially transferred undilutedly in vertebrate cells, defec-

tive-interfering (DI) particles were shown to accumulate in the virus population (Sch-

lesinger et al., 1972 ; Shenk and Stoliar, 1972) This is rather a general phenomenon with

animal viruses which was described by von Magnus (1954) for influenza yirus and later

found for other viruses as well (see reviews by Huang and Baltimore, 1977 ; Stollar, 1980).

Such DI particles interfered the growth of standard virus in vertebrate cells, but the in-

terfering activity was not efficient in mosquito cells (Eaton, 1975 ; Igarashi and Stollar,

1976). Therefore, as long as Sinbdis virus was undilutedly passaged in vertebrate cells,

T able 1. Growth inhibition of standard Sindbis virus (SVsTD) by Sindbis virus from persistently
infected Ae. albopictus cells (SVpr) in Ae. albopictus and BHK-21 cells

Virus

inoculated

Yield of SVsTD (PFU/ml) in; (percent)

Ae. albopictus BHK-21

28°C, 2 days 28°C, 2 days 37°C, 2 days

SVSTD

SVSTD+SVPI

6 .1X108

(100)

3.9X106
(0.64)

2 .0X108

(100)

l.lxlO8
(55.0)

l .OxlO9
(100)

5.4X108
(54.0)

Each of the SVsTD and SVpr was simultaneously inoculated at input
multiplicity of 0, 1 PFU/ml.
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the virus population as a whole showed reduced infectivity compared with standard virus.

However, when such virus with reduced infectivity was once passaged in mosquito cells,

the progeny virus appeared to show exalted infectivity because of the low interfering ac-

tivity of DI in mosquito cells. Serial undiluted passage of Sindbis virus in cultured mos-

quito cells by the same time schedule as in vertebrate cells did not apparently produce sig-

nificant levels of DI particles (Igarashi and Stollar, 1976). However, later study using pro-

longed incubation after virus infection could produce significant levels of DI particles

(King et al. , 1979). Such DI particles generated in mosquito cells did not efficiently in-

terfere the growth of standard virus in vertebrate cells. Therefore, alternative passage of

Sindbis virus, which was used extensively as a model of arboviruses, in vertebrate and

mosquito cells appears to act as a kind of "biological filter" clearing ts mutants generated
in mosquto cells and DI particles generated in vertebrate cells, resulting in the elevated

levels of virus infectivity as a whole (Fig. 1 ).

The reasoning mentioned above is coming from a limited observation on mosquito

cell cultures in vitro, however, could be potentiated by several field observations. Human

beings could demonstrate the presence of certain viruses in nature through virus isolation

procedures. In the case of arboviruses, inoculation of test materials to brains of suckling

mice (SMB) was the most commonly used method. Our study group tried to use cultured

mosquito cells to isolate Japanese encephalitis (JE) virus from field-collected mosquitoes.

By using virus-sensitive clone C6/36 (Igarashi, 1978), isolation rate of JE virus was equal

to or even higher than SMB-inoculation (Igarashi et al., 1981a, b). Moreover, certain

STD Serial undiluted'passage in vertebrate cells

Persistent infection in arthropod cells
Biological filter hypothesis on the growth of arbovirus in arthropod
and vertebrate cells
A: arthropod cells; V: vertebrate cells; STD: standard virus;
Dl : defective-interfering particles; ts : temperature-sensitive virus



176

"mutants'* of JE virus and Getah virus (an alphavirus) were detectable as plaque progenies
from several virus strains isolated by C6/36 cells (Igarashi et al., 1981c). Such mutants,
however, could not be detectable from virus strains isolated by 8MB, and possessed host-

dependent ts characteristics, because their growth was restricted in BHK21 cells at 37°C
but not in C6/36 cells at the same temperature. Their genome RNA was found to be dif-
ferent from that of the parental strain from which the mutants were isolated (Morita and

Igarashi, 1984). Single SMB passage of the virus strain, which contained "mutant" vi-
ruses, appeared to have cleared "mutant" from the virus population. This is a kind of
"biological filter" and conventional virus isolation by SMB was using such "filter" losing
naturally occurring "mutant viruses".

The "biological filter" hypothesis could further be generalized as follows. Since ar-

boviruses possess RNA as genetic materials, their mutation rate is expected as high
enough (Holland et at. , 1982) to generate numerous mutations through their growth pro-
cesses either in vertebrates or arthropods, resulting in the accumulation of various mu-
tants. Growth cycle in vertebrates could confer a kind of selective pressure on the virus
population, enabling those mutants which possessed selective advantages in the vertebrates

to become major population with many other as minorities or eliminated. Subsequent
growth cycle in arthropods could confer another kind of selective pressure, which is different
from the previous one, resulting in the virus population consisting of different proportions
of various mutants. Also, it is conceivable that the direction of "mutation" in vertebrates

will be different from that in arthropods, because these 2 kinds of hosts are phylogenetically
quite remote from each other, providing quite different intracellular environments and host
factors which will be necessary to support virus growth. Therefore, a number of alternative
growth in 2 different kinds of hosts could result in an enormous numbers of mutations

with genetically quite heterogenous populations of the virus. However, 2 selective pressures
towards quite different directions by vertebrate and arthropod could have eliminated most
of the "mutants" letting only limited kinds of the mutants to survive as major population
of the virus. Since the selective pressures and also, intracellular events could be different
from one species of vertebrate or arthropod to another, the resulting population of the virus

would be dependent on the vertebrate hosts and arthropod vectors in which the virus could
grow. Since different parts of the world have enabled different species of vertebrates and
arthropds to survive, the selective pressures as well as the directions of the arbovirus

mutations in these hosts and vectors could have been different from one geographic area
to another, resulting in the divergence to many species of arboviruses. These considera-

tions appears to give an easy way to explain the fact that on the earth, there exist many
different but related arbovirus species as listed in the "Catalogue", each occupying different
geographic "territories" of distribution. Even when there could be a chance of other

related and different viruses to invade into the territory of another virus, the invading
ones could certaliny possess lower selective advantages compared with preexisting one as
long as the environmental factors including the species of vertebrate and arthropod remain
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the same. Such "invasion by alien viruses" could be successful only when the "aliens"
possess higher selective advantages over preexisting one.

The consideration mentioned above, thus favours the idea that the stability of
biological entities, including arboviruses, in a given geographic area is dependent on the
environment in which they are now existing. Drastic alteration of the environment,

either natural or artificial, could thus alter the existence of life styles of many creatures,
including human beings and their pathogens.
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アルボウイルスの地理的分布に関する仮説

五十嵐章　(長崎大学熱帯医学研究所ウイルス学部門)

実験室および自然界においてアルボウイルスに感染した蚊または蚊の培養細胞に関する観察か

ら,世界において互に関連性をもっている数多くのアルボウイルスの地理的分布を説明し得る仮

説が導かれた.「生物学的フイルター」と呼ぶこの仮説は,アルボウイルスのRNA遺伝子に

高頻度で起る突然変異と,アルボウイルスが脊椎動物と節足動物という系統発生的に遠く離れた

2つの宿主で交互に増殖する事によってウイルス集団に及ぼされる2種類の相異なる撰択圧力を

組合せて考慮するものである.アルボウイルスが自然界でこのような増殖形態をとる結果,その

増殖過程で高頻度の突然変異が生ずるにもかかわらずウイルス集団としては或る限られた範囲の

変化しか起り得ない事になる.地球上のいろんな地域に生息する節足動物および脊椎動物はそれ

ぞれ異っているから,地理的に異なる地域でアルボウイルスに加えられる撰択圧力も異っている

と考えられる.従って,アルボウイルスの起源は一種ないしは限られた数種であったものが,幾

多の増殖過程を経る間にいろんな方向に分散的に変異した結果,今日地球上のいろんな地域には

それぞれ関連性はあるが異なる種類のアルボウイルスが存在するようになったと考てられる.ア

ルボウイルスが節足動物と脊椎動物で増殖する間に数え切れない位の突然変異が起るであろう

が,そのうちの限られたものだけがある地域に存在する節足動物と脊椎動物の双方で他のものよ

りも有利な条件を有していた結果進化の過程において生き残ったのであろう.この仮説によっ

て,現在地球上のいろんな地域にはそれぞれ関連性は有するが別のアルボウイルスが分布してい

る理由を説明することができる.
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