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COMMENTS FROM THE EDITOR 

Inclusion of the 1973 Annual Catalogue Report in Info-Exchange No. 27, 
rather than mailing it separately, was so well received 'that we have decided 
to make this a standard practice. Dr. Berge's 1974 Annual Report has been 
completed and is included in the present issue. 

It is with considerable regret that we announce the retirement on 
June 30, 1975, of Dr. T. O. Berge as Chairman of the Subcommittee on Informa
tion Exchange. As I am sure you all appreciate, he has done a magnificent 
job over the past seven years and will be sorely missed. However, he has 
consented to serve as consultant on special catalogue matters. Dr. Berge's 
retirement announcement is on page 3. 

The majority of you who contributed to this issue of the Information 
Exchange will recognize your reports as being in much the same form as you 
submitted them. Your cooperation in observing the standard format of the 
Information Exchange has largely made this possible, I hope you will continue 
to extend efforts in this regard as restrictions on clerical services make it 
increasingly difficult to maintain a prompt distribution schedule for the 
Information Exchange unless a large proportion of the reports can be used 
es~entially as submitted. However, let me hasten to assure those who have 
their own secretarial difficulties that their reports are still welcome, and 
also that I am happy to do any editing that may be needed or helpful. 

The deadline for submission of reports for Info-Exchange Issue No. 29 is 
September 1, 1975. Please mark your calendar. 

The address remains the same: 

Roy W. Chamberlain, Editor 
Arthropod-borne Virus Information Exchange 
Virology Division 
Center for Disease Control 
Atlanta, Georgia 30333 
U. S. A • 

ERRATUM 

An error has been found in the SEAS listing for Phnom-fenh bat virus, 
Info-Exchange No. 26, page 24. The entry in the far-right column should read, 
"ex-bat, Cambodia," rather than "ex-bat, W. Africa." 
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ANNOUNCEMENTS 

INTERNATIONAL SYMPOSIUM ON ARBOVIRUSES 
HELSINKI, FINLAND 

The Medical Research Council, The Academy of Finland, is organizing a 
four-day symposium on arboviruses to be held in Helsinki, June 3-6, 1975. 
The scientific program will cover both the ecology and the molecular 
biology of arboviruses. Under the first heading will come the problems 
associated with mosquito- and tick-borne viruses in arctic regions of the 
world. The second will be concerned with the structure and replication of 
alpha- and bunyaviruses. There is limited time for open communications. 
Discussions will be arranged on "Arctic arboviruses-the over-wintering 
problem" and "The translation of arbovirus specified proteins in vitro and 
in vivo." There will be about 15 invited lecturers from different countries. 

Those persons who are interested in participating are requested to 
contact Prof. N. Oker-B 10m , M.D., at the earliest convenience. Address: 
Department of Virology, University of Helsinki, Haartmaninkatu 3, SF-00290, 
Helsinki 29, Finland. 

OPEN MEETING OF THE AMERICAN COMMITTEE ON ARTHROPOD-BORNE VIRUSES 
MADRID, SPAIN 

An open meeting of the American Committee on Arthropod-borne Viruses 
will be held at the International Congress for Virology in Madrid 
(10-17 September 1975). The meeting is tentatively scheduled for 2000 on 
9 September. We hope to have progress reports from each of the standing 
subcommittees directed toward the international arbovirus community. There 
will be opportunity to meet with the international advisors to the ACAV to 
discuss future directions and undertakings, and there will be time for 
communication concerning present arbovirus disease problems. All are welcome 
and urged to attend. 
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REPORT FROM CHAIRMAN, SUBCOMMITTEE ON 
ARTHROPOD-BORNE VIRUS INFORMATION EXCHANGE 

Dr. Trygve O. Berge has announced his retirement as chairman of the 
Subcommittee and as editor of the Arbovirus working Catalogue effective 
30 June 1975. During the time of his tenure the total ~umber of viruses 
registered in the Catalogue has increased from 205 to more than 350 viruses, 
reflecting the excellent cooperation from arbovirologists in every part of the 
world. For this, his heartfelt thanks are expressed to all contributors who 
have provided the materials which have made the registry a useful tool for 
laboratory workers and educators interested in this branch of virology . 

The Infoexchange Subcommittee remains in good hands, and continued financial 
support appears to be assured for the immediate future. For the past 14 
years, operation of the working Catalogue has been made possible by subvention 
through contracts and grants by the National Institute of Allergy and Infec
tious Diseases of the National Institutes of Health. Beginning on 1 July, 1975, 
the Center for Disease Control, through the Vector-Borne Diseases Division, 
Bureau of Laboratories, will provide financial support for these activities. 
Dr. Roy W. Chamberlain has been appointed Chairman of the Subcommittee on 
Arthropod-borne Virus Information Exchange as of that date, and wi11 continue 
to act as editor of the Infoexchange Newsletter. 

Dr. Nick Karabatsos will assume the duties of editor of the working Catalogue. 
After 1 July, all communications regarding the registration of new viruses 
should be directed to Dr. Karabatsos at the present address~ 

USPHS,· CDC 
Vector-Borne Diseases Division 
P.O. Box 2087 
Fort Collins, Colorado 80522, U.S.A. 

Inquiries in regard to participation in the Arbovirus Information Exchange 
program should be addressed to Dr. Chamberlain: 

Roy W. Chamberlain, Sc.D. 
Deputy Director, Virology Division 
Bureau of Laboratories 
Center for Disease Control 
Atlanta, Georgia 30333, U.S.A. 

All information to be included in the Newsletter should be sent to 
Dr. Chamberlain as before. 

As stated elsewhere in this issue, the second edition of the pub1ished 
Catalogue (the International Catalogue of Arboviruses Including Certain 
Other Viruses of Vertebrates) is scheduled for publication between March 
and June, 1975. Free copies will be routinely distributed to all members 
of the Arbovirus Information Exchange program • 
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YARU LIAISON 
OR. ROBERT E. SHOPE 
Yale University School of Medicine 
Dept. Epidemiology & Public Health 
60 College Street 
New Haven, Conn. 06510, U.S.A. 

CHAIRMAN AND CATALOGUE EDITOR 
OR. TRYGIIE O. BERGE 
USPHS, CDC 
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CONSUL TANT EMERITUS 
OR, AICHAR" M. TAYLOR 
1332 ROckledge L.lne NO •• 
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1974 ANNUAL REPORT ON THE CATALOGUE OF ARTHROPOD-BORNE AND SELECTEO 
VERTEBRATE VIRUSES OF THE WORLO· 

By 
THE SUBCOMMITTEE ON ARTHROPOD-BORNE VIRUS INFORMATION EXCHANGE 

1. Objectives: 

The objectives of the Catalogue are to register data concerning 
occurrence and characteristics of newly recognized arthropod-borne 
viruses and other viruses of vertebrates of demonstrated or potential 
zoonotic importance, and to disseminate this information at quarterly 
intervals to participating scientists in all parts of the world; to 
collect. reproduce. collate, and distribute current information re
garding registered viruses from published materials, laboratory 
reports, and personal communications; and to prepare and distribute 
an annual summary of data extracted from catalogued virus registra .. 
tions. 

II. Materials and Methods: 

Viruses are registered and information supplied on a voluntary basis. 
usually by scientists responsible for their isolation and identif;ca~ 
tiona New registration cards, information concerning registered 
viruses, and pertinent abstracts of published literature are distributed 
at quarterly intervals to participating laboratories. Abstracts of 
published articles dealing with catalogued viruses are reproduced by 
special arrangements with the editors of Biological Abstracts. Abstracts 
on Hygiene, and the Tropical Diseases Bulletin. 

• The Catalogue is supported by the Research Resources Branch, Collaborative 
Research, of the National Institute of Allergy and Infectious Diseases, 
National Institutes of Health. 

NOTE: This report' is not'apublication and should not be used as a 
reference source in published bibliographies. 

4 

.. 

• 

.. 

• 

• 

• 



• 

• 

• 

Catalogues Distributed: Eight complete Catalogue sets and accumulated 
abstracts were issued to new participants in 1974, and 2 participants were 
dropped. At the end of the year, 164 mailings of Catalogue material were 
being made, including 62 within the continental U.S.A. and 102 to foreign 
addresses. Distribution by continent was: Africa 14 , Asia 19, Austral
asia (including Hawaii) 8, Europe 33 , North America 72 , and South 
America 18 . -- -- --

Abstracts and Current Information: 625 abstracts or references were col
lected, coded by subject matter, collated, and distributed to participants 
during 1974. Of these, 485 were obtained from Biological Abstracts, 123 
from Abstracts on Hygiene and the Tropical Diseases Bulletin, and 17 from 
current journals, personal communications, or other sources. A total of 
8,872 such references or units of information have been issued since the 
start of the program . 

Recommended Antigenic Grouping: Two new antigenic groups, Malakal and 
Sakhalin, were added during the year. The Malakal group consists of two 
newly registered viruses, the Malaka1 virus isolated in 1964 from Sudan, and 
the Puchong virus recovered in 1965 in Malaysia. The Sakhalin group consists 
of the previously registered Sakhalin virus and the recently registered Avalon 
virus isolated in 1972 from ticks in Canada, and the 1973 isolat~Clo Mor, 
from ticks collected in Scotland. 

Registration of "New" Viruses: 1974 represented a high point in the number of 
new virus registrations submitted for inclusion in the working Catalogue, 
with 45 viruses initially registered during this period, as listed below: 

Year Antigenic 
Name of Virus Isolated Countr~ Initial Source Group 
Aguacate 1969 Panama Ph 1 ebotomri nefli es PHL 
Avalon 1972 Canada Ixodid ticks' . SAK 
Bangoran 1969 Cent.Afr.Rep. Mosquitoes 
Barur 1962 India Rodent 
Batken 1970 U.S.S.R. Ixodid ticks 
Batu Cave 1971 Malaysia Bat B 
Bimbo 1970 Cent.Afr.Rep. Bird 
Birao 1969 Cent.Afr.Rep. Mosquitoes BUN 
Cacao 1970 Panama Phlebotomine flies PHL 
Caimito 1971 Panama Ph1ebotomine flies PHL 
Cape Wrath 1973 Scotland Ixodid ticks KEM 
Carey Island ·1970 Malaysia Bat B 
Chil ibre 1969 Panama Ph1ebotomine flies PHL 
C10 Mor 1973 Scotland Ixodid ticks SAK 
Frijoles 1969 Panama Phlebotomine flies PHL 
Garba 1970 Cent.Afr.Rep. Bird MTY 
Gomoka ·1970 Cent.Afr.Rep. Mosquitoes 
Gordi1 1971 Cent.Afr.Rep. Rodent PHL 
Huacho 1967 Peru Argasid ticks HUG 
Jugra 1969 Malaysia Mosquitoes B 
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Name of Virus 
Kadam 
Kaeng Khoi 
Karshi 
-Kolongo 
Landjia 
Ma laka 1 
Marburg 
Mono Lake 
Nique 
Nola 
Ouango 
Pata 
Phnom-Penh bat 
Pretoria 
Puc hong 
Punta Salinas 
Saint-Floris 
Sandjimba 
Seletar 
Tanjong Rabok 
Tettnang 
Yata 
Zinga 
Zingilamo 
Zirqa 

Year 
Isolated 

1967 
1969 
1972 
1970 
1970 
1964 
1967 
1966 
1972 
1970 
1970 
1968 
1969 
1973 
1965 
1967 
1971 
1970 
1961 
1968 
1970 
1969 
1969 
1970 
1969 

Country 
Uganda 
Thailand 
U.S.S.R. 
Cent.Afr.Rep. 
Cent.Afr.Rep. 
Sudan 
W.Germany 
U.S.A. 
Panama 
Cent.Afr.Rep. 
Cent.Afr.Rep. 
Cent.Afr.Rep. 
Cambodia 
South Africa 
Malaysia 
Peru 
Cent.Afr.Rep. 
Cent.Afr.Rep. 
Singapore 
Malaysia 
W. Germany 
Cent.Afr.Rep. 
Cent.Afr.Rep. 
Cent.Afr.Rep. 
Persian Gulf 

Initial Source 
Ixodid ticks 
Bat 
Argasid ticks 
Bird 
Bird 
Mosquitoes 
Man 
Argas id ticks 
Phlebotomine flies 
Mosquitoes 
Bird 
Mosquitoes 
Bats 
Argasid ticks 
Mosquitoes 
Argasid ticks 
Rodent 
Bird 
Ixodid ticks 
Sent. monkey 
Ixodid ticks 
Mosquitoes 
Mosquitoes 
Bird 
Argasid ticks 

Antigenic 
Group 

B 
SBU 
B 

MAL 

KEM 
PHL 
SIM 

EUB 
B 
DGK 
MAL 
HUG 

KEM 

BTK 
HUG 

Nineteen viruses were isolated in Africa (Central African Republic, 16; 
Republic of South Africa, 1; Sudan, 1; and Uganda, 1). Twelve viruses were 
discovered in Asia (Cambodia, 1; India, 1; Ma1a~sia, 5; the Persian Gulf, 1; 
Singapore, 1; Thailand, 1; and the Asiatic U.S.~.R., 2). Four viruses were 
first recovered from Europe (Scotland, 2; West Germany, 2). Eight viruses 
were reported from North America (Canada, 1; Panama, 6; and the U.S.A., 1). Two 
viruses from South America (both from Peru) were also registered. All newly 
registered viruses were isolated between 1961 and 1973. 

Twenty-nine viruses were first isolated from arthropods (ticks, 13; mosquitoes, 
10; and ph1ebotomine flies, 6). The remaining 16 were recovered from mammals 
(birds, 7; bats, 4; rodents, 3; man, 1; and a sentinel monkey, 1). 

Catalogue Publication: Arrangements have been completed for publication of 
the second edition of the Arbovirus Catalogue through the Center for Disease 
Control under the sponsorship of the Research Resources Branch of the National 
Institute of Allergy and Infectious Diseases, National Institutes of Health, 
and the Center for Disease Control. The Catalogue has been re-tit1ed the 
IIInternationa1 Catalogue of Arboviruses Including Certain Other Viruses of 
Vertebrates". Publication is scheduled for March, 1975 and should be completed 
by June, 1975. 

The ~ub1ished edition will include the 359 viruses registered in the 
worklng Catalogue through December, 1974. Copies will be distributed to 
all participants in the Arbovirus Information Exchange program without 
charge. 
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Revision of Virus Registration Forms: Virus registration forms employed 
in the working Catalogue have been revised by an ad hoc subcommittee of the 
ACAV under the chairmanship of T.H.G. Aitken. The new form is scheduled 
for printing and distribution in the near future, and it is expected that 
all registrations submitted after June, 1975 will be completed on the 
revised registration sheets. 

Synopsis of Information in Catalogue: This synopsis has been compiled 
primarily to provide a short review of the viruses included in the Cata
logue. The following tabulations are designed to draw together groups of 
viruses showing certain characteristics in common, listing viruses accord
ing to their demonstrated serological relationships and known taxonomic 
status, and, where appropriate, by principal arthropod vector. Isolations 
from arthropod and animal hosts, continental distribution, involvement in 
human disease, and arbovirus status are indicated. Other tables summarize 
numbers of viruses assigned to presently recognized antigenic groups; 
chronology and areas of isolations of registered viruses; continental 
distribution by groups; numbers of viruses recovered from naturally infected 
arthropods and vertebrates; association with human disease; and evaluation 
of arthropod-borne status of members in various s'erogroups. 

These tables summarize only a small portion of the information which can 
be extracted from the registration cards. The reader who is interested in 
the many types of analysis which can be made from information contained in 
the virus registrations, such as techniques and materials employed for 
~solation, physico-chemical characteristics of viruses, susceptible exper
lmental vertebrate hosts, etc., should consult the first edition of the 
Catalogue. . .. 
Table 1. Alphabetical listing of registered viruses. Table 1 lists in 
alphabetical order the 359 viruses registered in the Catalogue as of December, 
1974. After each virus name is given a recommended abbreviation which is 
frequently employed for conservation of space when frequent reference is made 
to the name, or when many viruses are being listed for special purposes. 
Antigenic groups to which viruses have been assigned are also shown in this 
table in condensed form {See Table 2}. Where no antigenic group is indicated, 
the individual virus is unique in the sense that no serological relationship 
has yet been demonstrated linking it to any other known virus. In later tables, 
related viruses are compiled by antigenic groups as well as in other ways de
signed to suggest biological or morphological interrelation~hips. 

Table 2. Antigenic groups of registered viruses. The originally described 
antigenic groups of arboviruses were designated by letters A,B, and C, but in 
present practice, the first discovered virus of a newly recognized serogroup 
lends its name to the antigenic cluster. Before a virus can be assigned to 
an antigenic group, it must be shown to be serologically related to, but 
clearly distinguishable from a previously isolated virus • 
Table 2 lists the antigenic groups established thus far for viruses registered 
in the Catalogue and the number of registered viruses assigned to each group. 
Largely through the work of the Yale Arbovirus Research Unit (YARU) and the 
associated WHO Reference Centre for Arboviruses, 47 distinct antigenic groups 
have been designated and a supergroup conceived. About 21 percent of registered 
viruses remain in an ungrouped category, i.e., have not been found to be sero
logically related to any previously described viruses or to each other. 
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Where only one virus is shown in a group, the registered virus has 
been found to be related to one or more other viruses which have not been 
registered. African horsesickness, bluetongue and probably epizootic 
hemorrhagic disease of deer have been designated as groups because there 
are a number of antigenically distinct viruses belonging to each, although 
·on1y one of each is registered. The degree of relationship between indi
vidual members within a serogroup may be very close or relatively 
distant. A Subcommittee of the ACAV, the Subcommittee on Interrelationships 
among Catalogued Arboviruses {SIRACA}, under the chairmanship of Jordi 
Casals, has been delegated general responsibility for determining whether 
antigenica11y related viruses are independent members of a serological 
group, or if they should be considered as strains of a single virus. 

In some instances, a few of the members within one antigenic group 
of viruses have been found to show small but reproducible cross complement 
fixation or hemagglutination-inhibition reactions with certain members of 
other groups. The Bunyamwera Supergroup was created to reflect these inter
group relationships, and contains 10 separate antigenic groups of registered 
viruses, plus an additional category of unrelated viruses which fall within 
the supergroup but which cannot be assigned to any of the individual groups. 
Taken collectively, the 87 viruses placed in the Bunyamwera Supergroup 
comprise almost one fourth of all registered viruses. 

The largest single antigenic group is Group B {57 viruses} followed 
by Group A and the phlebotomus fever group (20 viruses each). Five other 
groups contain more than 10 members each (Bunyamwera, 'C, California, Simbu, 
and Kemerovo). All other groups consist of less than 10 members each. 

Figure 1. Year of initial isolation. Figure 1 depicts the number of 
registered viruses isolated by year, with the cumulative proportion of 
isolations shown from 1902 through 1973. Only 35 of the 359 catalogued 
viruses had been isolated in the first half of this century with 90 percent 
being initially discovered after 1950. The great proportionate increase 
in the number of viruses recovered in nature can be seen to begin in 1954 
with about 88 percent of all registered viruses first recognized in the 
past two decades. 

As has been observed previously, the time of initial isolation 
probably bears little relation to the time of first existence of most 
of these viruses, but rather to the period of establishment and staffing 
of special arbovirus laboratories, and to the time when extensive general 
surveys were begun to search for the presence of previously unrecognized 
viruses in biting arthropods or naturally infected vertebrates. 

Table 3. Initial isolations by decade and country of origin. While 
Figure 1 shows the total number of viruses isolated in each given year 
beginning with 1902, Table 3 lists the initial isolation of specific 
registered viruses by the decade of discovery and according to the 
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continent or subcontinent and country in which each was first discovered. 
Because of the large number of virus names involved, abbreviations are 
employed. These abbreviations and the associated complete names of the 
respective viruses may be found in Table 1. 

Viruses discovered initially in the first three decades of this 
century, and many of those first recognized in the 1940~, were those 
associated with diseases of domestic animals or of man. They were 
isolated as a result of specific searches for etiologic agents of 
human or veterinary diseases, many occurring in epidemic or epizootic 
form. Subsequent to 1950, a number of viruses continued to be found 
because they were capable of inducing disease. A large number, however, 
were isolated from wild-caught insects, from feral animals or birds, 
usually without signs and symptoms of illness; or from sentinel animals 
exposed to bites of flying insects, in the course of systematic searches 
for the existence of known or previously unrecognized viruses in par
ticular geographic areas. Such areas of search were frequently deter
mined by 'the location of a functioning laboratory or field station and, 
more importantly, by the presence of highly motivated and capable 
workers on the scene. 

Table 4. Initial isolation of viruses by continent, country, and 
chronological period. Data presented in Table 3 are further summarized 
and shown in slightly different fashion in Table 4. From this it can 
readily be seen that the past decade 1960-1969 was the most productive 
period from the standpoint of numbers of new viruses discovered; 50 
percent of all registered viruses were initially isolated during this 
time. Since publication of the first edition of the Catalogue, the 
continent of Africa has forged ahead in the greatest number of viruses 
initially isolated (96), followed by North America (72), South America 
(71), Asia (64), Australasia (35), and Europe (21). 

The countries which have yielded the largest number of registered 
viruses are the United States of America (45), Brazil (40), Australia (29), 
India (22), the Central African Republic (21), Panama (21), Trinidad (18), 
the Republic of South Africa (18), Uganda (16), Egypt (15), Malaysia (14), 
the Union of Soviet Socialist Republics (12), and Senegal (10). The 
clusters of isolations in the various geographic areas appear to reflect, 
the activities of regional laboratories which are or have been definitely 
oriented toward the study and isolation of arboviruses, and it is these 
laboratories that have contributed most of the isolations. 

Tables 5 through 27 list registered viruses primarily by antigenic 
groups. An attempt has also been made, where practicaQle, to further 
group viruses according to their actual or suspected principal arthropod 
vector and by taxononlic status. In each table, information is summarized 
on isolation from arthropod vectors and vertebrate hosts, broad geographic 
(continental) areas of virus occurrence, production of disease in man in 
nature or by laboratory infection, evaluation of arbovirus status, and 
proved or possible taxonomic status based on morphological or physico
chemical characterization of representative viruses of some serogroups. 
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Table 5. Group A arboviruses. Twenty members of the group A viruses 
are registered, all but 3 of which are considered to be proved or prob
able arboviruses. Viruses of group A all appear to be associated primar
ily with mosquito vectors, although some have also been recovered from 
naturally infected mites, small biting flies or midges, and reduviids. 

-Representative group A arboviruses have been isolated on every continent 
and from many classes of vertebrates, including man. More than half have 
been shown to induce human disease, often in epidemic form {as chi kung
unya, o'nyong-nyong, EEE, VEE, and WEE. 

While group A viruses are related serologically to each other, they 
do not cross react with members of any other serogroup. Within the group, 
the SIRACA considers that six immunological sub-sets or complexes exist, 
some of which consist of single viruses, or types, having no known close 
relatives. Other complexes contain several viruses which are more closely 
related to each other than to other members of the group. Some of these 
viruses can be further subdivided on an antigenic basis into subtypes 
and even varieties, although more extensive serological evaluation may 
be required for final determinations. Detailed Subcommittee reports on 
immunological relationships between viruses in this and other groups will 
be published in the near future. 

In the present international taxonomic schema, group A viruses form 
a single genus Alphavirus in the 'family' Togaviridae as designated by 
the International Committee on Taxonomy of Viruses (ICTV) (5,6). 

Tables 6, 7, and 8. Group B viruses. The family Togaviridae also 
includes the large and important set of serologically related group B __ 
viruses, all provisionally placed by the ICNV in a single genus, Flav;
virus. While bound together in a single group by their antigenic cross 
reactivity and, so far as has been studied, by their physico-chemical 
characteristics, group B viruses can be subdivided according to their 
principal vectors. 

The largest subgroup, 27 of the 57 registered viruses assigned to 
group B, appear to be transmitted in nature by mosquito vectors and have 
seldom been isolated from other blood-sucking arthropods. These are 
listed in Table 6; with the exception of several inadequately studied 
members, they are regarded as true arboviruses. The majority of these 
mosquito-borne viruses are capable of causing disease in man, and, 
frequently, large outbreaks. Viruses have been recovered from all categories 
of vertebrates listed, most often from man and birds. Isolations have 
been reported from all continents, although only one representative: (WN) 
has been found in Europe. 

The second important subgroup of group B viruses includes those 
which are tick-borne in nature (Table 7). These consist of 14 registered 
viruses; however, 4 of the 14 may be regarded as strains of a single 
virus, the Western type of group B tick-borne encephalitis virus. The 
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Absettarov, Hanzalova, Hypr, and Kumlinge viruses are serologically 
very closely related or indistinguishable by the usual techniques, but 
are said to be clearly differentiated on the basis of clinical, epidemi
ological and ecological markers from RSSE and other members of the same 
complex. Members of the tick-borne group B complex are found predomin
antly in Europe and Asia, but two viruses have been found in North America 
and one in Africa; none has been isolated in Australasi~ or South America. 
They have not been recovered from mosquitoes or most arthropods other 
than ticks, nor have isolations been reported from marsupials or sentinel 
animals. Human infections have been commonly reported, both in nature 
and as a result of laboratory exposure. As with the mosquito-borne 
viruses of group B, all members of the tick-borne complex are regarded 
as arboviruses except two for which insufficient data are available. 

The remaining 16 viruses in antigenic group B (Table 8) have never 
been isolated from wild-caught arthropods or from sentinel animals and 
their arbovirus status is, therefore, for the most part in doubt. Six 
viruses have been isolated only from rodents, 8 others only from bats, 
and one each from man and domestic birds (turkey). None has been 
recovered in Australasia, Europe, or South America. 

er rou. In these 
------~~~~~~~~~~~~~~~~~~u-s~7-a~dditional 

in the large Bun-
yamwera supergroup as discussed earlier. . The different 
antigenic groups within the supergroup are tabulated alphabetically. 
In addition to their immunological interrelatedness, almost one third 
of the viruses contained in the supergroup have been examined in thin 
section electron microscopy, and found to be indistinguishable from 
the Bunyamwera virus and from each other morphol ogica lly and morpho
genetically (8,9). The family name Bunyaviridae has been proposed 
with all member viruses of the supergroup classified as the bunyaviruses. 

Table 9. Bunyamwera group. The Bunyamwera group is comprised of 
18 registered viruses, although one of these, Ca10vo, is regarded by the 
SIRACA as serologically indistinguishable from Batai, and thus may be 
considered to be a strain of the latter virus. Also, Maguari, Tensaw, 
and T1acota1pan are considered to be varieties of the Cache Valley virus. 
Data on 15 of the 1 i sted BUN group viruses were examined by 'SIRACA at a 
meeting in March 1971. (Anhembi, Birao, and Northway were registered 
later). Within the group as then constituted, 5 complexes could be 
discerned, the members of which were more closely related serologically 
to each other than to viruses falling in other complexes within the 
group. The 5 sets were given as follows: 

1. Bunyamwera (Bunyamwera, Germiston, and I1esha). 
2. Cache Valley (Cache Valley, Batai-Ca10vo, Lokern, and Main Drain). 
3. Wyeomy1a (Wyeomy1a and Sororoca) • 
4. Kairi· 
5. Guarpa 
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Members of the BUN group, with the exception of Lokern and Main 
Drain appear to be associated primarily with mosquito vectors; isola
tions of the other 2 viruses have been recorded principally from 
culicoides among the arthropods tested. 

Several members have been recovered from rodents, several others 
from lagomorphs, and 2 from domestic animals. Six viruses have been 
reported to cause sporadic cases of febrile illness in man. Twelve of 
the registered viruses are rated as arthropod-borne, with data on the 
remaining 6 inadequate to make an informed judgement. 

Representatives of the group have been encountered most frequently 
in North America (8), South America (6), and Africa (4). Only one 
virus has been reported from Asia and Europe, with none yet found in 
Australasia. 

Table 10. Bwamba group and group C viruses. The Bwamba group 
consists'of 2 serologically related, mosquito-associated arboviruses 
reported only from Africa. Bwamba virus has been recovered on a number 
of occasions from man, but neither member has yet been isolated from 
lower vertebrates. 

Group C viruses, on the other hand, have been found only in the 
western hemisphere. All 11 members appear to be transmitted by 
culicine mosquitoes, and all have been classified as arboviruses. Most 
have been shown to infect rodents or marsupials in nature, and 9 of 
11 (82%) have been associated with human febrile illness. . 

Following examination of the available immunological data in 1968 
and 1970, the SIRACA concluded that group C arboviruses fell into 3 
complexes, each containing 2 or more viruses: 

1. Caraparu (Caraparu, Apeu, and Madrid). 
2. Marituba (Marituba and Nepuyo). 
3. Oriboca (Oriboca and Itaqui). 

The Ossa virus was considered to be a subtype of Caraparu; Murutucu 
and Restan subtypes of Marituba virus; and Gumbo Limbo a subtype of 
Nepuyo. 

Table 11. California and Capim group viruses. The California 
group consists of 11 registered members. As with the group C viruses, 
all members of the California group are associated with mosquito vectors; 
most of them (9 of 11) have been reported only from the western hemis
phere. European representatives include the Inkoo and Tahyna viruses, 
with the latter also occurring in Africa (Lumbo strain). Two members 
have been recovered from naturally infected rodents and one from bats. 
Four members have been implicated in human illness, but this may not 
give a true picture since the establishment of specific viral etiology 
of disease 1nduced by closely related viruses could not ordinarily be 
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accomplished without isolation and detailed serological identification 
of the causative agent in each case. The majority are considered to 
be proved or probable arboviruses, with adequate data being lacking in 
3 instances to permit full evaluation of their status . 

Available data on 9 of the 11 registered California group viruses 
have been examined by SIRACA; the Bocas and Inkoo virus.es had not been 
registered at the time of the meetings of this group in 1969 and 1970. 
Three complexes were suggested within the California group: California 
encephalitis, Trivittatus, and Melao, each complex consisting of a 
single virus or type. Jamestown Canyon, Keystone, La Crosse, San Angelo, 
and Tahyna were considered to be subtypes of the California encephal
itis virus, all of which were distinguishable from each other. Jerry 
Slough was regarded as being indistinguishable serologically, or nearly 
so, from the Jamestown Canyon virus. 

The second group listed in Table 11, the Capim group viruses, 
have been- reported only from North and South America. Five of the 6 
registered viruses were isolated from cu1icine mosquitoes, 3 from 
rodents, one also from a marsupial, and 5 from sentinel animals. None 
has been imp1 icated. in human disease. 

Table 12. Guama, Koongol, and Patois group viruses. Guama group 
viruses consist of 6 members limited to the western hemisphere in 
distribution. Five of the 6 have been isolated from mosquitoes and 
1 also from phlebotomine flies. Five have been recovered from rodents, 
5 from sentinel animals, 3 from marsupials, 2 from bats, and 2 from 
human cases of febrile illness. 

The Koongol group consists of 2 viruses reported only from Northern 
Australia, both isolated from mosquitoes. Neither has been recovered 
from other arthropods or naturally infected vertebrates and are thus 
of unknown significance. 

The Patois group of 4 viruses, found only in North America, have 
been isolated from mosquitoes and/or sentinel animals, with 3 recovered 
from naturally infected cotton rats. 

Most of the viruses listed in Table 12, except for those where 
necessary information is lacking, have been evaluated as proved or 
probable arboviruses. 

Table 13. Simbu group viruses. Thirteen of the 16 members of the 
Simbu group have been isolated either from culicine mosquitoes or from 
culicoides; of these recoveries from arthropods, 5 viruses have been 
isolated from mosquitoes alone; 5 only from culicoides; and 3 from 

·both. Of those not yet recovered from naturally infected arthropods, 
one came from a presumably healthy, wild caught howler monkey, and 2 
from birds. Six members. have been isolated from blood of domestic 
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animals (cattle, goats, sheep, "and pigs), one from a monkey, 3 from 
birds, one from lagomorphs, and one from a sloth. Two viruses have been 
associated with disease in man. One of these, Oropouche, has been respon
sible for several epidemics in Para, Brazil, in 1961,1967, and 1968. 
Rodents, bats, and marsupials have not been shown to act as reservoir hosts. 

Nine members of the Simbu group have been reported from Africa, 5 
from Asia, and 2 each from Australia, North America, and South America, 
but none from Europe. 

Six viruses are considered to be proved or probable arboviruses, 
and the remaining 10 as possible arboviruses. 

Table 14. Tete group and unassigned (SBU) viruses. Little is 
known of the 4 Tete group viruses which have been isolated only from 
wild caught birds in Europe (Cyprus, Italy), Africa (Egypt, Nigeria, 
South Africa), and Asia (Japan). The Bahig and Matruh viruses are 
indistinguishable by CF tests, but can readily be differentiated by 
cross HI reactions. All 4 are regarded as possible arboviruses, but 
definitive information is lacking. 

Of the 7 unrelated, unassigned viruses belonging in the Bunyam
wera supergroup, 5 have been isolated from culicine mosquitoes but 
no other arthropods; 1 from a bird, 1 from bats, and 4 from sentinel 
animals. Two have been rated as proved or probable arboviruses, and 
5 as possible arboviruses. 

Table 15. Phlebotomus fever group viruses. The PHL group has 
grown rapidly in number in recent years, now consisting of 20 viruses 
which have been linked serologically to each other by cross reactions 
in one or more test systems: complement fixation, hemagglutination 
inhibition, plaque reduction (tissue culture neutralization test), or 
agar gel precipitation. Thirteen of the agents have been isolated from 
phlebotomine flies; one (Icoaraci) has been recovered from both sand
flies and mosquitoes in nature. Three others have been isolated from 
wild caught mosquitoes but never from phlebotomine flies; 2 of these, 
Arumowot and Itaporanga, have been shown to multiply in Aedes albopictus 
and Culex fatigans following intrathoracic inoculation, raising the 
possibility that the PHL group consists of mosquito-borne as well as 
sandfly-borne agents (Robert B. Tesh, personal communication). Four 
others have never been isolated from arthropods (1 from a sloth, 2 from 
rodents, and 1 from man). 

Representatives of the serogroup have been reported from all major 
continents but not from Australasia. However, it may be noted that 
members isolated in the western hemisphere have not been found in the 
eastern hemisphere, and vice versa. Five viruses in this group have 
been associated with disease in man, although only the Naples and 
Sicilian sandfly fever viruses have been shown to cause large outbreaks. 
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Three of 20 PHL yr'oup viruses are considered to be proved arboviruses, 
5 are probably arboviruses, \vhile in regard to the remaining 12, there are 
insufficient data to assess their arbovirus status . 

Several members of this group have been studied electron-microscopic
ally. These have been found to resemble the bunyaviruses morphologically 
and, therefore, are termed bunyavirus-like, although no.ne of the group has 
been shown to cross react serologically with accepted members of the Bunyam
wera supergroup. 

Table 16. Tick-borne groups other than group B viruses. Table 16 lists 
members of 5 minor antigenic groups which are drawn together because they 

• appear to be predominantly tick-borne in nature, and because representative 
members of each of these groups have sho~m morphology characteristic of the 
bunyaviruses when examined by electron microscopy. With one exception 
(Silverwater), these viruses have been found only in Africa, Asia and Europe. 

The Congo virus, which is known to have caused only a few cases of human 
disease in Africa, cannot be distinguished antigenically from the agent of 
Crimean hemorrhagic fever (CHF). In the latter form, the virus has been 
implicated in hundreds of cases of disease in the U.S.S.R. Little is known 
of the serologically related Hazara virus from West Pakistan. 

The 2 members of the Ganjam group* have been recovered repeatedly from 
ixodid ticks, and, rarely, from culicine mosquitoes. The Dugbe virus of 
Africa has been isolated from culicoides, from a rodent, and frequently from 
the blood of apparently normal cattle. 80th viruses have been associated 
with sporadic cases of febrile illness in man. 

The Kaisodi group consists of 3 members, 2 of which have been isolated 
in Asia from ticks collected in forest undergrowth or from forest rodents, 
and one in North America from snowshoe hares and their ticks. 

The Thogoto group contains only one registered virus, recovered in 
Africa and possibly in Europe, and found primarily in viremic cattle or ticks 
from cattle. The THO virus has been shown to cause human disease. 

Of the 5 members of the Uukuniemi group, 3 have been discovered in 
Europe and 2 in Asia. Most were isolated from ticks collected in the vicin
ity of bird nesting places, while UUK has also been recovered from birds, a 
rodent, and ticks feeding on domestic cattle. 

Table 17. Tick-borne groups other than group B viruses. Table 17 
lists the 15 presently registered members of the growing Kemerovo group 
of tick-borne non-group 8 viruses. The Kemerovo group members differ 

I 

* It has recently been found that a close relationship exists by the 
complement fixation test between Ganjam and Nairobi sheep disease viruses 
(F. G. Davies and J. Casals, personal communication); until additional 
studies are done, the designation of this antigenic group should be held 
in abeyance. 
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morphologically from the bunyavirus-like agents included in Table 16; 
several of them have been studied and classified taxonomically as 
orbiviruses on the basis of their relative resistance to lipid solvents, 
lability at acid pH, and double-stranded RNA genolne. All have been 
isolated from ticks but none from other arthropods. Ten of the viruses 
in the KEM group were recovered initially from ticks taken from nesting 
areas of marine birds (8 instances) or land birds (2 instances). Two 
viruses were isolated from ticks collected from cattle and sheep (1 each), 
while the remaining 3 viruses were recovered from ticks from forested 
areas. 

Isolations of KEM group viruses from vertebrate hosts have been 
seldom reported; the Kemerovo virlJs has been recovered from man and a 
bird, while the Tribec virus has been isolated from a rodent. 

Five of these viruses have been found only in North America, 4 only 
in Europe, 2 only in Asia, 1 each only in Africa and South America, 
2 in more than one continent, but none in Australasia. Of the 15 viruses 
registered, 2 have been rated as probable arboviruses with 13 classified 
as possible arboviruses. 

Table 18. Tick-borne groups other than group B viruses. Included 
in Table 18 are tick-borne viruses which have not been classified taxo
nomically; 5 minor antigenic groups containing 2 to 5 members each are 
represented. 

The DGK group consists of 3 viruses from Asia and 2 from Africa. 
None has been isolated from any vertebrate host, nor from arthropods 
other than ticks. Once again, most of the viruses were isolated from 
ticks collected in the immediate vicinity of bird colonies (4 viruses), 
while 1 virus was isolated from infected ticks taken from a camel. All 
are rated as possible arboviruses. 

The 4 viruses of the Hughes group are serologically related by the 
CF test. All have been isolated from naturally infected ticks collected 
in areas frequented by sea birds; the Hughes virus has also been recovered 
from the blood of sea birds. Three of the viruses have been found only 
in the western hemisphere, while the fourth was discovered in the Persian 
Gulf. One has been evaluated as a probable arbovirus, with 3 regarded 
as possible arboviruses. 

The 2 members of the Qalyub group have been reported only in Africa 
arid from ticks taken from rodent burrows or from rodents themselves. 
Both are possible arboviruses. 

The Quaranfil group also has 2 known members, both isolated from 
ticks collected in bird nesting areas, Johnston Atoll from nests of 
terns in the Central Pacific area and Australia (Abal strain), and 
Quaranfil from trees in an egret rookery and from pigeon houses in 
Africa. The QRF virus has also been isolated from birds and man; 
this is the only virus listed in Table 18 which has been shown to 
cause human infection and is classified as a proved arbovirus. 
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The newly created Sakhalin group consists of 3 viruses which again 
have been isolated from ticks taken from nesting areas of sea birds, 
with one also recovered from a young herring gull. All are considered 

• possible arboviruses. 

• 

• 

• 

Table 19, 20, 21, and 22. Minor antigenic groups of viruses. 
These tables include a number of small antigenic groups of viruses 
consisting of one to 5 registered viruses per group. The serogroups 
have been listed in alphabetic order, after first having been arranged 
according to what their taxon status is known or is thought to be. 

In Table 19 are listed 5 minor groups which can not be placed in the 
Bunyamwera supergroup on serological grounds, but which resemble the 
bunyaviruses morphologically. 

The 3 members of the ANA and 2 members of the ANB groups have 
all been isolated from naturally infected mosquitoes but not from other 
arthropods, nor have they been recovered from man or wild caught lower 
vertebrates. They have been reported only from South America. 

The Bakau group contains 2 members found originally in mosquitoes 
in Malaysia. The Bakau virus has also been isolated from the blood of 
a naturally infected monkey in Malaya, and from ticks in West Pakistan 
{Lahore strain}. 

Three serologically related viruses constitute the Mapputta group; 
these viruses have been isolated only from wild-caught mosquitoes in 
Australasia. None has been recovered from man or lower animals. 

All 3 members of the Turlock group have been isolated from mosquitoes 
and 2 also from birds, and one from hares. Individual members of the 
group are found in different continents, with M'poko {Yaba l} in 
Africa, Turlock in North and South America, and Umbre in Asia. 

None of the viruses listed in Table 19 has been implicated in 
human disease. Six have been rated as proved or probable arboviruses, 
and 7 as possible arboviruses. 

Table 20. Minor antigenic groups of viruses. Table 20 lists 
members of 8 small antigenic groups having in common the physico
chemical characteristics placing them in the orbivirus taxon. 

Several of the groups, represented by one registered virus each, 
are important in the causation of disease in large animals, namely AHS 
in horses, mules and donkeys; BLU in both wild and domestic ruminants; 
and EHD in deer. The first 2 are widespread in geographic occurrence, 
with bloodsucking gnats involved in their translnission. EHD has been 
reported only from North America and no arthropod vector has yet been 
demonstrated. All are considered proved or probable arboviruses. 
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The Changuinola group consists of 2 members, one of which has 
been isolated repeatedly from phlebotomine flies and once from man (CGL), 
while the other has been recovered a single time from a rice rat and is, 
therefore, of unknown significance. Both are found in the western 
hemisphere. 

Members of other groups listed are associated either with 
mosquitoes or biting gnats and are reported from Africa, Asia, and 
Australasia. Little information is available concerning their role in 
nature. . 

Table 21. Minor antigenic groups of viruses. In Table 21 are listed 
3 small antigenic groups, the members of which show a morphology charac
teristic of the "bullet shaped" rhabdoviruses. 

The Kwatta virus, isolated only once from mosquitoes in Surinam, is 
related serologically to an unregistered virus recovered from birds in 
Brazil. Little more is known of the 2 members of the Mossuril group 
viruses from Africa, although Mossuril has been isolated a number of times 
from mosquitoes and birds. 

The vesicular stomatitis group is comprised of 5. rhabdoviruses, at 
least 4 of which have been shown to cause infection in man. The Chandi
pura virus, occurring in Asia and Africa, has been isolated from phlebot
omine flies, man, and hedgehogs. The other 4 members of the group have 
been found only in the New World, all from South America, with the vesic
ular stomatitis viruses also occurring in North America. VSI and VSNJ 
have been recovered repeatedly from livestock and on several occasions 
from man. The Indiana strain has been isolated many times from phlebot
omine flies and at least once from mosquitoes, while the New Jersey type 
has not yet definitely been shown to be associated with arthropod vectors. 
The Piry virus is related antigenically most closely to Chandipura; it 
has been isolated from man and from an opossum, but not from arthropods. 
The Cocal virus is serologically related to VSI and has been recovered 
from a horse and a rodent as well as from mosquitoes and mites. 

Table 22. Minor antigenic groups of viruses. In this table are 
listed members of 5 small groups of viruses which have not been classified 
taxonomically. Four of the 10 viruses represented in these groups have 
been isolated from mosquitoes; one of these has also been recovered from 
man. One of the 2 viruses in the Boteke group has been isolated only 
from birds. Members of 2 of the groups have not been found in arthro
pods; the 3 viruses of the Matariya group represent bird isolates from 
Egypt and the Central African Republic. Viruses of the Timbo group 
have been recovered only from reptiles in Brazil. 

The unclassified members of these minor antigenic groups have been 
reported chiefly from Africa (7 of 10), with one from Asia and 2 from 
South America. Only one is considered a probable arbovirus. with 9 
rated as possible arboviruses. 
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Tabl. 23. Tacaribe g~ viruses. Table 23 contiins a listtng of 
those viruses placed in the Tacaribe antigenic group. It has been 
recognized for some years that these agents are serologically related 
to the long known lymphocytic choriomeningitis virus and are morpho
logically identical as well. All are classified in the genus Arena
virus. Members of the group are associated predominantly with rodent 
hosts and there is little or no evidence that they are transmitted by 
arthropod vectors in nature; all are rated as non-arthropod-borne. 

Of the 9 registered viruses, 7 are found only in South America, 
one in North America, and one in Africa. Three members of the group 
have been shown to cause severe, often fatal, cases of disease in man. 
These include Junin (Argentine hemorrhagic fever), Machupo (Bolivian 
hemorrhagic fever), and Lassa (Lassa disease). 

In Tables 24 through 27 are listed all the remaining registered 
viruses which have not yet been found to be related antigenically to 
any other known virus and, thus, are presently ungrouped. 

Table 24. Ungrouped mosquito-associated viruses. Table 24 includes 
serologically ungrouped viruses which have been placed in 4 different 
genera pl us the IIbunyavirus-l ike ll category. Two of the 11 viruses 1 i sted 
here are rated as definite arboviruses and 4 others as probably arbo
viruses. The remaining 5, if arthropod-borne, are probably transmitted 
by mosquitoes. However, 2 of the listed viruses are considered by the 
SEAS to be probably not arboviruses. The Nodamura virus from Japan, a 
picornavirus, was isolated from a pool of wild-caught mosquitoes and 
has been shown to multiply in arthropods and to be experimentally trans
mitted by mosquitoes, but it is regarded as unlikely that this would be 
its usual mode of transmission in nature. The Cotia virus, a poxvirus 
from Brazil and French Guiana, has been isolated repeatedly in sentinel 
mice, a number of times from mosquitoes, at least once from phlebotomine 
flies and from the blood of a human patient, but is considered not to be 
an arbovirus. 

Among the rhabdoviruses, it will be noted that Flanders and Hart 
Park are listed as ungrouped viruses although they have been shown to be 
very closely related serologically to each other. It is still not clear 
whether these viruses form a group or complex of viruses, or whether 
they should be regarded as variants of a single virus. 

The Rift Valley fever virus is noteworthy from the standpoint of 
• disease production in lambs, sheep, and cattle; herdsmen often become 

infected, and infections are common among veterinary field officers and 
laboratory workers where the disease in livestock occurs. 

Table 25. Ungrouped mosquito-associated viruses. Here are listed 
19 additional antigenically ungrouped viruses which have not been 
classified taxonomically. They have not been isolated from arthropods 
other than mosquitoes, and only 3 from vertebrates. 
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Table 26. Un grouped tick-, culicoides-, or phlebotomus-associated 
viruses. In Table 26 are listed ungrouped viruses which appear to be 
associated predominantly with arthropod vectors other than mosquitoes. 
The majority (17 of 20) are probably tick-borne in nature, but 2 have 
been isolated only from biting midges and one from phlebotomine flies. 
Three tick-borne viruses are considered to be proved arboviruses; the 
bunyavirus-like Nairobi sheep disease agent and the African swine fever 
virus, an iridovirus, are important causes of veterinary disease, while 
the third, an orbivirus, causes Colorado tick fever in man. 

Table 27. Ungrouped viruses, no arthropod vector known. Table 27 
lists the remaining registered viruses which have been isolated only 
from man or lower vertebrates. With the possible exception of one virus 
which was recovered from the blood of a sentinel monkey held on a plat
form in a forest canopy, no inferences can be made regarding possible 
arthropod vectors. 

Of the 26 viruses in this category, 9 were isolated from birds, 5 
from bats, 4 from rodents, 3 from man, 2 from lizards, and one each from 
shrews, naturally-infected monkeys, and a sentinel monkey. From the 
standpoint of danger to man, the Marburg virus appears to be the most 
important virus listed in this table. 

Tables 28 through 32 provide a further condensation of data which 
may be extracted from Tables 5 through 27. They serve to draw attention 
in a single table to certain aspects of the information contained in 
multiple tabulations. 

Table 28 summarizes distribution of viruses in different antigenic 
groups by continents as determined by actual isolations of viruses. It 
can be seen that only a few viruses, 14 or 3.9 percent, show a truly 
broad distribution, being found on 3 or more continents. While different 
members of some antigenic groups may be recovered in many parts of the 
world, individual viruses within the groups tend to show a much more 
limited spread. About 85 percent of all registered viruses have been 
found only on a single continent, while 96 percent have been reported 
from one or two continents only. The largest number of viruses have 
been isolated in Africa, followed by South America, Asia, North 
America, Australasia, and Europe, in that order. 

Table 29 lists the numbers of viruses by antigenic group which 
have been isolated from various classes of arthropods. 184 (51%) of 
all registered viruses have been recovered from mosquitoes, 78 (about 
22%) from ticks, and 54 (15%) from all other classes. 71 viruses have 
never been isolated from any arthropod host, including 16 members of 
the large group B, and 26 of the ungrouped category. By far the largest 
number of viruses which have been isolateQ from any arthropod, 263 of 
288 (91.3%) have been reported from one class only. 

Table 30 shows that a few viruses have been shown to infect as 
many as 4 to 6 classes of vertebrates but again, analogous to the 
situation in arthropod hosts, most of the viruses isolated from verte
brates have been recovered from one class only (150 of 216 or 69.4%). 
The largest number of viruses have been isolated from man and rodents, 
followed by birds and other hosts. 
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In Table 31 are listed the number of viruses in each serogroup 
which are known to cause disease in man. Of the major groups of 
viruses, A and B, more than half of the members have caused disease 
in nature or in the form of laboratory infections. Viruses in group C 
show a high ratio of human infection, 9 of the 11 members having been 
associated with human illness. Overall, 25.6 percent of all registered 
viruses have been implicated in human infections. 

The SEAS ratings of registered viruses summarized in Table 32 show 
that data are considered adequate in 150 registrations (42%) to 
indicate that the viruses are arthropod-borne or probably arthropod
borne. In 25 additional instances (7%), viruses have been rated with 
some degree of confidence as not, or probably not, arboviruses. However, 
it may be noted that in 184 registrations, or 51%, data are lacking 
which would permit classification other than as possible arboviruses . 
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Table 1. Alphabetical Listing of 359 Viruses 
Registered in Catalogue with Recommended 
Abbreviations and Antigenic Grouping 

Ant. Ant. 
Name Abbr. Groue Name Abbr. Group • 
Absettarov ABS B Botambi BOT SBU 
Abu Hammad AH DGK Boteke BTK BTK 
Acado ACD COR Bouboui BOU B 
Acara ACA CAP Bujaru BUJ PHL 
African horsesickness AHS AHS Bunyamwera BUN BUN 
African swine fever ASF Burg el Arab BEA MTY .. 
Aguacate AGU PHL Bushbush BSB CAP 
A-ino AINO SIM Bussuquara BSQ B 
Akabane AKA SIM Buttonwi 11 ow BUT SIM • A1fuy ALF B Bwamba BWA BWA 
Almpiwar ALM 
Amapari AMA TCR Cacao CAC PHL 
Anhanga ANH PHL Cache Valley CV BUN 
Anhembi AMB BUN Caimito CAl PHL 
Anopheles A ANA ANA California encephal. CE CAL 
Anopheles B ANB ANB Calovo CVO BUN 
Apeu APEU C Candiru CDU PHL 
Apo; APOI B Cape Wrath CW KEM 
Arkonam ARK Capim CAP CAP 
Aruac ARU Caraparu CAR C 
Arumowot AMT PHL ' Carey Island CI B 
Aura AURA A Catu CATU' GMA 
Avalon AVA SAK Chaco CHO' TIM 

Chagres 'CHG PHL 
Bahig BAH TETE Chandipura CHP VSV 
Bakau BAK BAK Changuino1a CGL CGL 
Baku BAKU KEM Char1evil1e CHV 
Bandia BDA QVB Chenuda CNU KEM 
Bangoran BGN Chikungunya CHIK A 
Bangui BGI Chilibre CHI PHL 
Banz; BAN B Chobar Gorge CG 
Barur BAR C10 Mor CM SAK 
Batai BAT BUN Coca1 CDC VSV 
Batken BKN Colorado tick fever CTF 
Batu Cave BC B Congo CON CON 
Bauline BAU KEM Corriparta COR COR • 
Bebaru BEB A Cotia COT 
Belmont BEL Cowbone Ridge CR B 
Bertioga BER GMA 
Bhanja BHA DI Aguilar DAG PAL 
Bimbo BBO Dakar bat DB B 
Bimiti BIM GMA Dengue-l DEN-l B .. 
Birao BIR BUN Dengue-2 DEN-2 B 
Bluetongue BLU BLU Dengue-3 DEN-3 B 
Bocas BOC CAL Dengue-4 DEN-4 B • 
Boracea BOR ANB' Dera Ghazi Khan DGK DGK 

Dhori DHO 
Ougbe DUG GAN 
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Ant. Ant. 
Name Abbr. Groue Name Abbr. Groue 
Eastern equine enceph. EEE A Joinjakaka JOI 
Edge H; 11 EH B Juan Diaz JD CAP 
Entebbe bat ENT B Jugra JUG B 

• Epizootic hem. dis. EHD EHD Junin JUN TCR 
Eubenangee EUB EUB Jurona JUR SBU 
Everglades EVE A Jutiapa JUT B 

Flanders FLA Kadam KAD B 
Frijol es FRI PHL Kaeng Khoi KK SBU 

Kairi KRI BUN 
• Gamboa GAM SBU Ka; sod; KSO KSO . 

Ganjam GAN GAN Kamese KAM MOS 
Garba GAR MTY Kammavanpettai KMP 
Germiston GER BUN Kannamangalam KAN 
Getah GET A Kao Shuan KS DGK 
Gomoka GOM Karimabad KAR PHL 
Gordi 1 GOR PHL Karshi KSI B 
Gossas GOS Kasba KAS PAL 
Grand Arbaud GA UUK Kemerovo KEM KEM 
Great Island GI KEM Kern Canyon KC 
Guajara GJA CAP Ketapang KET BAK 
Guama GMA GMA Keterah KTR 
Guaratuba GTB SBU Keuraliba KEU 
Guaroa GRO BUN Keystone KEY CAL 
Gumbo Limbo GL C Kokobera KOK B 

Kolongo KOL 
Hanzalova HAN B Koongol KOO KOO 
Hart Park HP Koutango KOU B 
Hazara HAZ CON Kowanyama KOW 
Huacho HUA KEM Kumlinge KUM B 
Hughes HUG HUG Kunj in KUN B 
Hypr HYPR B Kwatta KWA KWA 

Kyasanur Forest dis. KFD B 
Icoaraci ICO PHL 
Ieri IERI La Crosse LAC CAL 
Ilesha ILE BUN Lagos bat LB * 
Il heus ILH B La Joya LJ 
Ingwavuma ING SIM Landjia LJA 
Inkoo INK CAL Langat LGT B 
Irituia IRI CGL Lanjan LJN KSO 
Israel turkey meningo. IT B Lassa LAS TCR 
Issyk-Kul IK Latino LAT TCR 
Itaporanga ITP PHL Lebombo LEB 

• Itaqui ITQ C Le Dantec LD 
Lipovnik LIP KEM 

.. Jamestown Canyon JC CAL Lokern LOK BUN 
Japanaut JAP Lone Star LS 
Japanese encephalitis JE B Louping ill LI B 
Jerry Slough JS CAL Lukuni LUK ANA 
Johnston Atoll JA QRF 

* Rabies related 
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Ant. Ant. 
Name Abbr. Grou~ Name Abbr. GrouE 
Machupo MAC TCR Nyamanini NYM 
Madrid MAD C Nyando NOO NOO 

.. 
Maguari MAG BUN 
Mahogany Hammock MH GMA Okhotskiy OKH KEM 
Main Drain MD BUN Okola OKO .. 
Ma la ka 1 MAL MAL Omsk hemorrhagic fev.OMSK B 
Manawa MWA UUK O'nyong nyong ONN A 
Manzanilla MAN SIM Oriboca OR! C 
Mapputta MAP MAP Oropouche ORO SIM 
Maprik MPK MAP Ossa OSSA C 
Marburg MBG Ouango ~UA • 
Marco MCO 
Marituba MTB C Pacora PCA 
Matariya MTY MTV Pacui PAC PHL • 
Matruh MTR TETE Pahayokee PAH PAT 
Matucare MAT Palyam PAL PAL 
Mayaro MAV A Parana PAR TCR 
Melao MEL CAL Pata PATA EUB 
Mermet MER SIM Pathum Thani PTH DGK 
Middelburg MID A Patois PAT PAT 
Minatitlan MNT SBU Phnom-Penh bat PPB B 
Minnal MIN Pichinde PIC TCR 
Mirim MIR SBU Piry PIRV VSV 
Mitchell River MR WAR Pixuna PIX A 
Modoc MOD B Pongola PGA BWA 
Moju MOJU GMA Ponteves PTV UUK 
Mono Lake ML KEM Powassan POW B 
Montana myotis leuko. MML B Pretoria PRE OGK 
Moriche MOR CAP Puc hong PUC MAL 
Mossuri 1 MOS MOS Punta Salinas PS HUG 
Mount Elgon bat MEB Punta Toro PT PHL 
M'Poko . MPO TUR 
Mucambo MUC A Qalyub QVB QVB 
Murray Valley enceph. MVE B Quaranfil QRF QRF 
Murutucu MUR C 

Restan RES C 
Nairobi sheep disease NSO Rift Valley fever RVF 
Nariva NAR Rio Bravo RB B 
Navarro NAV Ross River RR A 
Ndumu NOU A Royal Farm RF B .. 
Negishi NEG B Russian spr.sum.enc. RSSE B 
Nepuyo NEP C 
Ngaingan NGA Sabo SABO SIM .. 
Nique NIQ PHL Saboya SAB B 
Nkolbisson NKO Sagiyama SAG A 
Nodamura NOD Saint-Floris SAF " 
Nola NOLA SIM Sakhalin SAK SAK 
Northway NOR BUN Salehabad SAL PHL 
Ntaya NTA B Samford SAM SIM .. 
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Ant. Ant. 
Name Abbr. GrauE Name Abbr. GrouE 
San Angelo SA CAL Tsuruse TSU 
Sandfly fever (Naples) SFN PHL Turlock TUR TUR 
Sandfly fev.(Sicilian) SFS PHL Tyuleniy TYU B 

• Sandjimba SJA 
Sango SAN SIM Uganda S UGS B 
Sathuperi SAT SIM Umatilla UMA 
Sawgrass SAW Umbre UMB TUR 
Seletar SEL KEM Una UNA A 
Sembalam SEM Upolu UPO 
Semliki Forest SF A Usutu USU B .. Sepik SEP B Uukuniemi UUK UUK 
Shamonda SHA SIM 
Shark River SR PAT Vellore VEL PAL 

• Shuni SHU SIM Venezuelan equine en~VEE A 
Silverwater SIL KSO Venka tapuram VKT 
Simbu SIM SIM VSV-Indiana VSI VSV 
Simian hemorrhagic fey. SHF VSV-New Jersey VSNJ VSV 
Sindbis SIN A 
Sixgun City SC KEM Wad Medani WM 
Sokoluk SOK B Wallal WAL 
Soldado SOL HUG Wanowrie WAN 
Sororoca SOR BUN Warrego WAR WAR 
Spondweni SPO B Wesselsbron WSL B 
St.Louis encephalitis SLE B West Nile WN B 
Stratford STR B West.equine enceph. WEE A 

Whataroa WHA A 
Tacaiuma TCM ANA Witwatersrand WIT 
Tacaribe TCR TCR Wongal WON KOO 
Tahyna TAH CAL Wongorr WGR 
Tamiami TAM TCR Wyeomyia WYO BUN 
Tanga TAN 
Tanjong Rabok TR Yaquina Head YH KEM 
Tataguine TAT Yata YATA 
Tembe TME Yellow fever YF B 
Tembusu TMU B Vogue YOG 
Tensaw TEN BUN 
Tete TETE TETE Zaliv Terpeniya ZT UUK 
Tettnang TET Zegla ZEG PAT 
Thimiri THI SIM Zika ZIKA B 
Thogoto THO THO Zinga ZGA 
Thattapalayam TPM Zingilamo ZGO BTK 
Timbo TIM TIM Zirqa ZIR HUG 

• Tl acota 1 pan TLA BUN 
Toure TOU 
Tribec TRB KEM 

It Triniti TNT 
Trivittatus 'TVT CAL 
Trubanaman TRU MAP 
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FIGURE 1 

YEAR OF ISOLATION OF 359 VIRUSES REGISTERED IN THE CATALOGU E 
WITH CUMULATIVE PERCENTAGE OF ISOLATIONS BY YEAR 
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Table 2. Antigenic Groups of 359 Viruses Registered in Catalogue 
No. Registered 

Antigenic GrouE Abbreviation Viruses in GrouE % 
A A 20 5.6 
African horsesickness AHS 1 0.3 

• Anopheles A ANA 3 0.8 
Anopheles B ANB 2 0.6 
B B 57 15.9 
Bakau BAK 2 0.6 
Bluetongue BLU 1 0.3 
Boteke BTK 2 0.6 
Bunyamwera Supergroup 87 24.2 

• Bunyamwera BUN 18 
BwalTIba BWA 2 
C C 11 

• California CAL 11 
Capim CAP 6 
Guama GMA 6 
Koongo1 KOO 2 
Patois PAT 4 
Simbu SIM 16 
Tete TETE 4 
Unassigned SBU 7 

Changuino1a CGL 2 0.6 
Congo CON 2 0.6 
Corriparta COR 2 0.6 
Dera Ghazi Khan DGK 5 1.4 
Epizootic hemorrhagic disease EHD 1 0.3 
Eubenangee EUB 2 0.6 
Ganjam GAN 2 0.6 
Hughes HUG 4 1.1 
Ka i sod i KSO 3 0.8 
Kemerovo KEM 15 4.2 
Kwatta KWA 1 0.3 
Ma 1aka 1 MAL 2 0.6 
Mapputta MAP 3 0.8 
Matariya MTY 3 0.8 
Mossuri1 MOS 2 0.6 
Nyando NDO . 1 0.3 
Pa1yam PAL 4 1.1 
Phlebotomus fever PHL 20 5.6 
Qa1yub QVB 2 0.6 
Quaranfil QRF 2 0.6 
Sakhalin SAK 3 0.8 

• Tacaribe TCR 9 2.5 
Thogoto THO 1 0.3 
Timbo TIM 2 0.6 

• Turlock TUR 3 0.8 
Uukuniemi UUK 5 1.4 
Vesicular stomatitis VSV 5 1.4 
Warrego WAR 2 0.6 
Ungrouped viruses 76 21.2 

Total 359 
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Table 3. Initial Isolations of Viruses by Decade and Country of 
Origin 

Decade 
1900-09 
1910-19 
1920-29 

1930-39 

1940-49 

1950-59 

Continent 
Africa 

Country 
South Africa 

Africa Kenya 
Africa Nigeria 
Europe Scotland 
North America U.S.A. 
Africa 

Asia 

N. America 
S. America 
Africa 

. Asia 

Australasia 

Europe 

N. America 
S. America 

Africa 

Asia 

Australasia 

Europe 

~. America 

S. America 

Kenya 
S. Africa 
Uganda 
Japan 
U.S.S.R. 
U.S.A. 
Venezuela 
Uganda 
Japan 
U.S.S.R. 
Hawaii 
New Guinea 
Czechoslovakia 
Italy 
U.S.A. 
Brazil 
Coiomb;a 
Egypt 
Nigeria 
South Africa 

Uganda 
India 

Israel 
Japan 
Malaya 
Australia 
Philippines 
Czechoslovakia 
Finland 
U.S.S.R. 
Canada 
Panama 
U.S.A. 
Argentina 
Braz; 1 

Colombia 
Trinidad 

* Isolated in U.S.A. Laboratory 
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BlU 
ASF, NSD 
YF 
LI 
VSI 
RVF 
AHS 
BWA. WN 
JE 
RSSE 
EEE. SlE. WEE 
VEE 

Virus 

BUN, NTA, SF, UGS. ZIKA 
NEG 
OMSK 
DEN-l* 
DEN-2* 
HAN 
SFN*, SFS* 
GE, GTF, TVT 
IlH 
ANA. AN~ , ~jYU 

GNU, QRF. QVB, SIN, WM 
IlE. LB 
BAN,GER,H:G.lEB.MID.MOS.NDU.NYM, 

PGA.SIM.SPO.TETE.USU,WIT,WSL. 
GHIK.CON.ENT.NDO.ONN 
ARK.BHA.GAN.KAS.KSO.KFD.MIN,PAL, 

SAT.VKT.UMB.WAN. 
IT 
AKA.APOI.NOD.SAG.TSU 
BAK.BAT,BEB.GET.KET.LGT.TMU 
MVE 
DEN-3*. DEN-4* 
HVPR.TAH 
KUM 
ABS 
POW 
BCC.lJ,PCA 
CV,EHD,HP,MMl,MOD,RB,SA.TUR.VSNJ. 
JUN 
APEU, AURA, BSQ, CAP,CAR,CATU. 
GJA • Grl,A ,ITQ ,MAG .MIR .MOJU ,MTB ,MUC. 
MUR,ORI,TCM,UNA. 
GRO,t.:AV 
ARU,BIM,BSB,IERI,KRI,LUK,MAN,MAV, 
MEL,NEP,ORO,TCR,TNT. 

.. 

• 

.. 

• 

• 

• 
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Table 3. (Continued) 

Decade Continent Country Virus .. 
1960-69 Africa Cameroon NKO,OKO 

Cent.Afr.Rep. BGN,BIR,BOT,BOU,BTK,MPO,PATA,YATA,ZGA 
Egypt ACD,AMT.BAH*,BEA.MTR.MTY,RF 

• Kenya THO 
Nigeria uuG,LAS*,SABO.SAN.SHA,SHU 
Senegal BDA,DB,GOS,KEU.KOU,LD,SAB.TAT,TOU,YOG 
Sudan MAL*** 
Uganda KAD,KAM,MEB,TAN 

Asia Cambodia PPB 
India BAR,CHP.DHO,KAN,KMP,SEM,THI.TPM,VEL 
Iran KAR*,SAL* .. Japan AINO 
Malaysia JUG.KTR,LJN,PUC,TR 
Pakistan{West) DGK,HAZ,MWA 

• Persian Gulf ZIR 
Singapore SEL 
Thailand KK 
U.S.S.R. OKH,SAK.TYU.ZT 

Australasia Australia ALF,ALM.BEL.CHV,COR,DAG,EH,EUB,JAP 
JOI,KOK,KOO,KOW,KUN,MAP,MPK,MR,RR, 
SAM,SEP,STR,TRU.UPO,WAR.WON 

New Zealand WHA 
Pacific Island JA* 

Europe Czechoslovakia CVO,KFM,I TP:TRR 
Finland INK,UUK 
France GA,PTV 
West Germany MBG 

N. America Canada SIL 
Guatemala JUT* 
Mexico t'INT, TLA* 
Panama AGU.CHG,CHI,CGL,FRI,GAM,JD,LAT.MAD, 

MAT,QSSA.PAR,PAT,PT*,ZEG 
U.S.A. BUT.CR,EVE,FLA,GL.HUG,JC,JS,KC,KEY 

LAC.LOK,LS.MER,MD,MH,ML,PAH.SAW.SC. 
. SHF.SR,TAM,TEN,UMA 

S. America Bolivia MAC** 
Brazil ACA,AMA,AMB,ANH,BER,BOR.BUJ,CDU.CHO 

COT.GTB,ICO,IRI.ITP.JUR,MCO,PAC,PIRY, 
PIX,SOR,TIM,TME 

Colombia PIC 
Peru HUA*.PS* 
Surinam KWA 
Trinidad COC.MOR,NAR.RES,SOL 

* Isolated in U.S.A. laboratory 
** Isolated in Panama laboratory .. *** Isolated in Egypt laboratory 

• 

It 
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Table 3. (Continued) 

Decade Continent Countr~ Virus 
1910·13 Africa Cent.Afr.Rep. BBO.BGI.GAR.GOM.GOR,KOL,LJA,NOLA,OUA .. 

SAF ,SJA ,ZGO 
Egypt AH,KS.PTH 
S. Africa PKE*** '. Asia India CG 
Malaysia BC.CI 
U;S.S.R. BKN.IK.KSI.SOK 

Australasia Australia NGA,WAL.WGR 
Europe Germany TET 

Scotland CM,CW 
U.S.S.R. BAKU 

N. America Canada AVA.BAU.GI 
Panama CAC.CAI.NIQ 
U.S.A. NOR. YH 

* Iso lated in U. S .A. 1 abora tory .. 
•• Isolated in Panama laboratory 
*** Isolated in Egypt laboratory 

• 
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Table 4. Initial Isolation of 359 Registered Viruses 
by Continent, Country. and Chronological Period 

Country Before 1930 1940 1950 1960 
Continent or Area 1930 -39 -49 -59 -69 1970 Totals 
AFRICA Cameroon 2 2 

Cent.Afr.Rep. 9 12 21 .. Egypt 5 7 3 15 
Kenya 2 1 ,. 4 
Nigeria 1 2 6 9 
Senegal 10 10 
S.Africa 1 1 15 18 
Sudan 1 1 
Uganda 2 5 5 4 16 

Totals it ~ 5 ~7 ~o ., 6 96 .. ASIA Cambodia 1 1 
India 12 9 1 22 
Iran 2 2 

• Israel 1 1 
Japan 1 5 1 8 
Malaysia 7 5 2 14 
W.Pakistan 3 3 
Persian Gulf 1 1 
Singapore 1 1 
Tha il and 1 1 
U.S.S.R:(East) 1 1 4 4 10 

Tota 1 s ~ 2 2~ 28 '7 64 
AUSTRAL- Australia 1 25 3 29 
ASIA Hawaii 1 1 
and Johnston Island 1 

PACIFIC New Guinea 1 
ISLANDS New Zealand 1 

Phil ippines 2 2 
Totals ! ! 2' 3 35 

EUROPE Czechoslovakia 1 2 4 7 
Finland . 

1 2 3 
France 2 2 
West Germany 1 2 
Italy 2 2 
Scotland 1 2 3 
U.S.S.R. (West) 1 1 2 

Totals 1 3 4 9 4 21 
NORTH Canada 1 1 3 5 
AMERICA Guatemala 1 1 

Mexico 2 2 
Panama 3 15 3 21 
U.S.~. 1 3 3 9 25 2 43 

Totals , 3 3 '3 44 8 72 
SOUTH Argentina 1 1 
AMERICA Bolivia 1 1 2 

Brazil 18 22 40 
Colombia 3 2 1 6 
Peru 2 2 

II Surinam 1 1 
Trinidad. 13 5 18 
Venezuela 1 1 

• Totals 0 1 4 34 32 0 71 

Grand Totals 6 10 19 106 180 38 359 
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VIRUS 

Aura 
Bebaru 
Chikungunya 
Eastern equine ene. 
Everglades 
Getah 
f.layaro 
Middel burg 
Mucarr.bo 
Ndumu 
O'nyong-nyong 
Pixuna 
Ross River 
Sagiyama 
Sem1iki Forest 
Sindbis 
Una 
Venezuelan equine ene. 
Western equine elle. 
Whataroa 

* 20 AroJvir'us 
21 ; Probable Arbovirus 
22 = Possible Arbovirus 
23 = Probably not Arbovirus 
24 = Not Arbovirus 
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VIRUS 

Alfuy 
Banzi 
BouboLif 
BU<.5uquara 
Dengue-1 
Dengue-2 
Oengue-3 
Dengue-4 
Edge Hill-
11 heus .. 
Japanese encephalitis 
Jugra 
Kokobera 
Kunjin 
Murray Valley enceph. 
Ntaya 
Sepik 
St. Louis encephalitis 
S.pondweni 
Stratford 
Tembusu 
Uganda S 
Usutu 
Wesselsbron 
~Iest Nile 
Yellow fever 
Zika 

* See footnote Table 5 

ARTHROPODS 
"'0 

r·losq. Ticks ::::r ..... 
n » ...... 11) » 0-e:: :::J X ., 0 ...... 0 0 <0 M-..... "'0 Q. !:II 0 n ::r ..... 11> :1 ..... 11) 0. .... ..... 
:::J ..... o.'::J 
11) ..... 11) 

::s 
11) 

+ 
+ 
+ + 
+ 
+ 
+ 
+ . 
+ 
+ + 
+ 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ 
+. 
+ + 
+ 
+ 
+ + 
+ + + + 
+ 
+ 

• • • • 

TABLE 6. GROUP B ARBOVIRUSES. MOSQUITO-BORNE 

ISOLATED FROM ISOLATED IN HUMAN r.n 
[)ISEASE ~ 

VERTEBRATES > > ):0 m :z r.n :z r- :;Q ..... II> e:: e:: 0 0 D.J D.J > ., -'0 II> ., ., e:: rT 0- -I n 0 3: 0 :;Q c::I OJ ~ 0 VI ..... D.J M- 0 rT M- e:: ..... e:: ..... c.o rT o ..... D.J M- 11) n ., "'0 ::r ::r ., ..... :z ..... ::::r ::l ::r Q. ., M- ., ::r ::l !:II D.J 11) c.o ::l til ..... 11) 11) 11) 0. 1.1> II> 11) ..... ..... » » ..... ..... n ., ., ::l 1.1> e:: ., ..... c.o :1 :1 11) ,. 
0 M- "'0 ::J II> 11) 11) -. n ..... "'0 11> ..... 11) ..... ., ., ::J M-0. "1 !:II ..... D.J ..... ..... ..... ..... 
11) ..... -' 11> n n 11) 0 
11> :1 11> D.J c.o n ::J c.o M- TAXONOMIC M- ...... 

11) 0 STATUS II> ::J 

+ + 20 F1avivirus 
+ + + + 20 .. 

+ 22 II 

+ + + + + + 20 II 

+ + + + - + + 20 .. 
+ + + + + + + + 20 " 
+ + + + + + 20 .. 
+ + + + 20 " 

+ 20 " 
+ + + + + + + 20 II 

+ + .. + + + + 20 .. 
+ + 22 " 

+ 21 .. 
+ + + + 20 .. 
+ + + 20 .. 

+ 21 " 
'1- + 2.1 " 

+ + + .. + + + + + 20 " 
+ + + + 20 " 

+ 22 II 

.1- + 21 .. 
+ + + 20 II 

+ + + 22 .. 
f- + + + + + + 20 II 

+ + + .. + + + + .. + + 20 .. 
+ + + + + + + 20 .. 
+ .. f- I- + + 20 .. 

--- --_ ... _._ ..... -



III 

2 -> ....... :.:1: • .:;===::1 
> 
'" --..... 

SEAS RATING * OOO __ NOOOOOONO.
NNNNNNNNNNNNNN 

r- ~ Lab Infection + + ++ ++ + 
~~~----------------+----------------------------I 
~ VI Natural Infection + + + + + + + + + 
x~ 

z: .... 

South America 

North America 

Europe 

Australasia 

Asia 

Africa 

Sentinels 
Other 

~ Marsupials I 
~ Bats 

+ + 

+++ + +~ + 

+ ++ + +++ 

+ 

+ + ++ +++ 

+ + 

~I Bird s ~l + + + + + I 
~ Rodents .-----+------+--+---+--+--+----+--~I 

. Other Primates l------------+------------~ 

Man , + + + + + + + + + 
Other + 
Culicoides ~ 

~ Phlebotomine i--------------------------~I 
~~-~-nA~r~g~a~S~l~d----;---------+~--+~------~+----~ 
0:: .:.t. 

i= .!: 1-::-1 x-O-d""i'"""d;----+--+--+--+-+----+-+--:"+-+--+-+--+-+-i 
~~~~~~A-nO-p~)h-le~l~ln-e-+----------------------~· 

~ Cu11Clne 
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W 
\JI 

• .. ," • 

-

VIRUS 

Apoi 
Batu Cave 
Carey Island 
CO\·/bone Ri dge 
Dakar bat 
Enteb~ b3t 
Israel turkey meningo. 
Jutiapa 
Koutango 
"lodoc 
Montana myotis leuko. 
Negishi 
Phnom-Penh Bat 
Rio Bravo 
Saboya 
Sokuluk _. 
* See footnote Table 5 

/I 

TABLE 8. GROUP B VIRUSES. NO ARTHROPQD VECTOR DEMONSTRATED 

. 
ISOLATED FROM ISOLATED IN 

--
ARTHROPODS VERTEBRATES ~- l> l> ,.., 

11'1 c::: c:: , .-I, 11'1 , 
-c n 0 3: 0 ::;0 OJ OJ 3: 0 V) ...... 1:11 ..... 0 

!'1osq. Ticks ::T I:: ..... III ..... 0 -0. III III C'"I' /I) n .' '0 ..... ~ ::r :::J ::r 0- '"I ..... '"I ::r ::s III III I'D 

~ 5' 
/I) -'- /I) /I) /I) 0- 11'1 11'1 I'D ..... ..... ..... ::l> 0- n , , ::s 11'1 I:: , .-I. Il> 

)< '"l 0 0 ..... , '0 11'1 

:;:-8 0 t.O ..... ~. -0 11'1 ..... -'. 
0- III 0 0- , j 1:11 1:11 

n ::r .... 11'1 3 I'D ..... ;' 11'1 ..... I'D 0- -"~ ........ VI 3 
:::J :;' 0- :::J 1:11 
/I) /I) ..... 

:::J I'D 
/I) 11'1 

--- -

+ + 
+ + 
+ + 

+ -
+ + 
+ + 

+ + 
+ 
+ + 
+ 

+ 
+ + 

+ + 
+ 

+ + 
+ + 

,",-- . -- -

• .. ... 

Hur·1A11 V) 

PISEASE ,.., 
;:::.. 

--r- V) 

z V\ ~ • ;lC 
0 0 1:11 ~ l> , c:: ..... 0- .... ..... ..... c::: ..... 
::T ::T , ..... z 

III ::s 10> 
l> §" ~ ...... 
3 /I) It 
/I) /I) ..... n , , ::s ..... ...... ..... ...... .... 
n n (l) 0 
III III n ::s ..... TAXo;:ONIC ...... 

0 ST;;TUS ::s 

+ 22 Flavivirus 
22 II 

22 II 

+ 23 " 
24 II 

24 .. 
22 " 

+ 22 II 

21 n 

+ 24 " 
+ 24 II 

+ + 22 II 

23 " 
+ + + 24 " 

22 .. 
22 II 



W 
0\ 

VIRUS 

-
Anhembi 
Batai 
Birao 
Bunyamwera 
Cache Valley 

**Ca lovo 
Gerrdston 
Guaroa 
Ilesha 
Kairi 
lokel'n 
Magu'3ri 
Main Drain 
North,'lay 
Sororoca 
Tensa\'1 
Tlacotalpan 
~Jyeon:yi a 

* See footnote Table 5 
** May be strain of Batai 

f • " 

TABLE 9. BUNYAMWERA SUPERGROUP: BUNYAMWERA GROUP VIRUSES 

ISOLATED FR0I4 ISOLATED IN 

ARTHROP09S VERTEERJlTES l> l> l> fT1 ..... VI c:: c: 
"S -4 VI "S 

~I n o 3: o ;>;) c;;l ~;J 3: 0 Vl ..... QI ..... 0 

t-losq. Ticks ::r c: rt QI rt 0 -'~ 'J QI rt to 0 , 'U ....... ~ ::r ::s ;:r 0. , ~~ , =r ::s QI QI to 
III ..... C1) to III 0. ~, VI to ..... ~ 

n l> ...... :> 0- 0 , "S ::I VI c: , ..... QI c:: ::I )< , 0 0 rt 'U ::I VI 
...... 0 o <0 rt ..... "C VI .... to ..... 
..... -0 0. '" 0 0. , 

'" ~ QI 
0 ::r ..... II> =: ro ..... -' CII 
..... III 0. ..... ..... II> 3 VI 
::I ...... 0. ::s QI 
III ..... f!) r+ 

::I III 
to In . 

+ + 
+ + + + 

+ + 
+ + + -
+ + 

+ + 
+ + + + + 

+ + 
+ + + 

+ + + + 
+ + + 
+ + + + 

+ + 
+ + 
+ 
+ + + + 
+ + 
+ + + 

• 

HUNAN Vl 

OISEASE fT1 
l> 
Vl 

:z: Vl ;;;:: r ;0 
0 0 QI QI l> 
"S c:: rl tT -I 
c+ ..... c: ..... 
=r =r , a-t Z 

QI ::s Cl 
l> ~ 

..... ..... 
3 to * to to ..... 0 
"S , ::s r+ ..... ..... ..... ..... 
0 .0 to 0 
QI QI 0 ::s 

rl TAXOrlOiHC ..... 
0 STATUS ::I 

+ 22 Bunyavirus 
22 .. 
22 " 

+ + 20 .. 
+ 20 .. 

+ 22 II 

+ 20 II 

t + + 20 II 

+ 21 .. 
+ 20 II 

+ 20 II 

+ 20 .. 
+ 20 II 

+ 21 II 

+ 22 II 

+ + 20 II 

+ 22 .. 
+ + t 21 " 

, .. 1 



w 

'" 

.. " • ., 

VIRUS 

B\OIA~1BA GROUP 
B\'/Elmba 
Pongola 

--' 
~~C~·p c 

,';peu 
Caraparu 
Gumbo limbo 
Itaqui 
I'tadrid 
Marituba 
'·lurutucu 
.Nepuyo 
Oriboca 
Ossa 
Restan -

* See footnote Table 5 

• 

TABLE 10. BUNYAMWERA SUPERGROUP; UWAMBA GROUP AND GROUP C VIRUSES 

ISOLATED FROM ISOLATED IN 
-

ARTHROPODS VERTE3RATES :J>o' :J>o :J>o fT1 Z ..., V> r:::: r:::: 0 
""5 .... V> ""5 ""5 

""0 n 0 3: 0 :;0 0:' 0::1 :3: 0 VI -'. PI ..... 0 ..... 
Mosq. Ticks :::r r:: ..... '" ..... 0 -. '" '" ..... CD n ""5 "t:J ::r 

-' -' ::r :::I :::r c.. ""5 ..... ""5 :::r :::I '" PI CD 
CD ..... CD CD CD o. V> V> CD ..... ~ 

~ n l> ..... )!> 0- n """5 ""5 :::I V> r:::: ""5 -'. '" r:: :::I x ""5 0 0 ..... "t:J ::s III m 
-' 0 0 lCl ..... ..... ""0 III ..... m ..... ""5 ..... "t:J c.. PI 0 c.. ""5 PI ~ PI ..... 
n ::r ..... V> 3 CD ..... -' V> n ..... CD c.. ..... ..... v> 3 V> PI 
:::s -' c.. :::I os 
CD ..... CD ..... 

::J CD 
CD V> 

+ + + 
+ + + 

_. 

+ + + + 
+ + + + + 
+ + + 
+ + + + + 
+ + + + + 
+ + + + 
+ + + + + + 
+ + + + + 
+ + + + + 
+ + + + 
+ + I 

, 
III 

HUr-lAN VI 

PISEASE ", 
:J>o 

'-r- VI 

VI :z r ;lO 
0 '" '" :> r:: ..... 0- -t ..... r:::: ...... 
::r ""5 ..... :z 

'" ::> G1 

~ 
~ ..., 

CD >I-
CD ...... n 
""5 :::I rt ..... ..., ..... 
n CD 0 

'" n :::I ..... TAXO:IO;-aC ..... 
0 STATUS :::s 

+ 21 Bunyavirus 
20 .. 

+ + + 20 Bunyavirus 
+ + 20 II 

21 II 

+ + 20 II 

+ 20 .. 
+ + 20 II 

+ + . 20 I~ 

+ 20 II 

+ + + 20 " 
+ 20 " 

+ + 20 " 



w 
00 

TABLE 11. BUNYAMWERA SUPERGROUP: C:ALIfORNIA AND CAPIM GROUP VIRUSES 

ISOLATED FROi·' I ISOLATED IN 

ARTHROPO,)S VERTl:SRATES :> :> :> fT1 :z V> ..... VI c: c: 0 0 

~ ;; ""1 ..... VI ""1 ""1 c: 
""0 n 0 :;0 'XI co :::3:: 0 V> ..... '" n- o n- n-

Mosq. Ticks :::r c: n- o ..... 
'" III n- It> n ""1 -0 =r :::r ....... ~ ::::r ::::s ::::r 0.. "'I rt ""1 ::::r ::::s '" '" ll) 

~ 5' ~ 
.... ll) ro ro .).. til til ro n- ...... :> §" ..... :> n ""1 ""1 ::::s In c: ""1 ..... '" EI X ""1 0 0 ..... -0 ::::s VI ll) ro 

- 0 8.~ n- .... 'U VI ..... ll) ..... ""1 "'S 

VIRUS .... -0 0 0.. ""1 '" ...... '" ..... ..... 
n ::r ... VI 3 ro ..... - til n n .... ro 0.. ..... .... VI ifil VI PI '" ::J -:: 0.. ::::s 
ro (l) ..... 

::::s ll) 
ll) til 

-" - '-

CALIFORNIA GROUP 
Boeas + + + + 
California Ene. + + 
Inkoo + + 
JamestOl'!fl Canyon + + 

. 
+ + 

Jerry Slough + + 
Keystone + + + + + 
La Crosse + + + + 
~iel ao + + 
San Angelo + + 
Tahyna + + + + + + 
Trivittatus + + + + 

-----
CAPHi GROUP 
-Aca-r-a-- + + + + + 

Bushbush + + + 
Capim + + + + + 
Guajara + + + + + 
Juan Diaz + + 
~loriehe + + 

* See footnote Table 5 

• • • " t 

HUW\U V> 

DISEASE fT1 
:> 
V> 

:z r- XI 

'" CI :> 
n- o- -l c: ..... 
""1 ..... :z 
'" ::::s C> 
~ ...... 

ll) II-...... n 
::s ..... ...... ..... 
ro 0 
n ::::s 
rt TAXO::O:1IC ..... 
0 STATUS ::::s -_ ... _-1--. 

22 Bunyavlrus 
+ 20 II 

+ 22 II 

20 p 

20 .. 
20 p 

+ 20 .. 
21 p 

22 .. 
+ 20 II 

21 .. 

21 Bunyavirus 
20 II 

20 II 

20 II 

22 II 

22 II 

, 
" 



W 
1.0 

r 

I • 4 

VIRUS 

GUAMA GROUP 
Bertioga 
Bimit1 
Catu 
Guama 
~lahogany Hammock 
Moju 

KOONGOL GRO:JP 
--Koongo 1--

, Wonga1 
-

PATOIS GROUP 
-Pa'ha'yo Kee 

Pdtois 
Shark River 
Zegla 

* See footnote Table 5 

- • 

TABLE 12. BUNYA.'tERA SUPERG~OUP: llUAHA, KOONGOl. AND PATOIS GROUP VIRUSES 

ISOLATED FROM ISOLATED IN HU~tAlI 
- IJISEASE 

ARTHROPODS VERTEBf:ATES > .> ::I> m :z: CIt :z r -.. III s::: c:::: 0 0 '" '"' -s ...... III -s -s s::: .... 0-

~ n 0 ~ 0 ::0 m m ~ 0 VI .... Do ,.,. 0 ,.,. ,.,. s::: 
Mo_~9· Ticks c:::: .... .... 8. .... '" .... III n -s "0 ::r ::r -s ..... ..... ..... ::r :;:I ::r -s .... -s ::r :;:I Do I» til I» :;:I 

til ..... til til til c.. III III III .... ..... §" ::I> ...... ...., 
n ::I> ..... ::I> 0- n -s -s :;:I III c:::: -s ..... I» a til 
c:::: :;:I )< -s 0 0 rt "0 :;:I III til til ...... n ...... 0 0 <0 .... ..... '"1:1 III ..... til ..... -s -s ::::J .... ...... "0 c.. I» 0 c.. -s I» ...... Dol ...... ..... . ...., ..... 
n ::r ...... III a til ..... ..... III n n til 0 .... til c.. ..... ...... III 3 III Dol Dol n :;:I 
:;:I -' c.. :;:I Dol .... 
til ..... til rt ...... 

:;:I til 0 
til III :;:I 

+ + 
+ + + + 
+ + + + + + + + + -
+ + + + + + + + + + 
+ + + 
+ + + + + 

- r- --

+ ? + 
+ i + 

+ + 
'+ + + + 
+ + + + + 

+ + + 
--_. -<,-

• 

CIt 

~ 
CIt 

:;J;1 
::I> 
--l --:z 
Ci') 

... 

TAXmlm·IIC 
STATUS 

22 Bunyav1rus 
20 II 

20 II 

20 " 
22 II 

20 II 

.-. 

21 Bunyavi rus 
21 II 

~-. , . 
22 Bunyavirus 
20 " 
21 " 
22 " 
~~"-- -.. -~ 



TABLE 13. BONYAMWERA SUPERGROUP: SIMBU GROUP VIRUSES 

ISOLATED FROf1 ISOLATED IN HUMAN en 
tnsfASE rT'I 

;a:. 
VI 

ARTfmO?O!)S VERTEBR,\TES ::t> ::t> ::t> ,..., ;z en z r :;0 .... en I:: I:: 0 0 Do III ;a:. 

I'~ 
., .... 11'1 ., ., I:: .... 0- --t 

!Mosq. 
(') 0 3: 0 :;0 c;J :::.:::I :3: 0 VI ..... III .... 0 .... .... c: ~ 

Ticks c .... III ..... 0 ..... III III .... 11) 0 ., "0 ::r ::r ., ~ 2: - ...... ::r :J ::r c. ., .... ., ::r :J III III I'D III ;:J c:;-, -- m ..... 11) 11) m c. 11'1 en m .... ...... §" §" ...... .... (') ::t> .... ::t> 0- 0 ., ., ;:J en c ., .... III 11) * c:: :J X ., 0 0 .... "0 :J en 11) m ...... 0 -' 0 o <0 .... ..... 
-0 '" 

..... I'D ..... ., ., :::I .... -". 

~ 
C. III 0 C. ., III ..... PI ..... ..... .... -". 

VIRUS 0 .... '" 3 m ..... ;: en 0 0 11) 0 ..... m c. ..... ..... '" 3 III PI 0 :::I ;:J -' 0. ::l D> .... TAXOrlOi-lIC 11) ... m .... ..... :::s 11) 0 STATUS 11) 

'" ::s - .-
Aino + + 22 Bunyavirus 
Akcb<l(lc + + + + 21 " 
Buttonwillow + + + 20 n 

Ingwavuma + + + + + 20 II -Ma(lLiwilla + + 22 II 

Men:t'.=t + + 22 II 

Nola + + 20 II 

Oropouche + + + + + + 21 n 

Sa::Jo + + + 22 II 

Sa:!lford + + 22 II 

Sango + + + + 22 II 

Sathuperi + + + + + 22 .. 
Sliamonda + + + 22 .. 
Shuni + + + + + 22 .. 
Sir.;bu + + 21 .. 
Thimiri + + + 22 .. 

* See footnote Table 5 
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~ 
1-'-' 

• .. f 

VIRUS 

-
TETE GROUP 

Bahig 
~latruh 
Tete 
Tsuruse 

UN~5S!S~ED - "SBU" 
Bc.tamlli 
G.a~boa 
Guaratuba 
Jurona 
Kaeng Khoi 
~linatitlan 

. ~1irim 
---_._ .... _--_.-

* See footnote Table 5 

• 

TABLE 14. BUNY~ERA SUPERGROUP: TETE GROUP AND UNASSIGNED VIRUSES 

. ISOLATED FROf1 ISOLATED IN 

ARTHROPODS VERTEBRATES » > » FTI z ..... III c: c: 0 - ""1 .... III ""1 ""1 
,"'0 n 0 Z 0 ::0 OJ CJ 3: 0 1 VI .... 1)1 ..... 0 ..... 

Mosq. Ticks ::r c: ..... 1)1 ..... 0 ..... 1)1 1)1 ..... II) n ""1 -0 ::r ...... -' ::r :::J ::r 0.. ""1 ..... ""1 ::r :::J 1)1 PI I!) 
I!) ..... I!) I!) I!) 0.. III '" It> ..... -' §" n » ...... » 0- n ""1 ""1 :::J III c:: -s: -'. 1)1 

c: :::J X ""1 0 0 ..... "C :::J III I!) ..... 0 0 <0 ..... ..... "'0 IA ..... I!) ..... ""1 .... "C 0.. PI 0 0.. ""1 PI ...... PI .... 
n ::r ..... 11\ 3 I!) ..... 

U; 1/1 n 
..... I!) 0.. ..... ..... 11\ ~ 1)1 
:::J ..... 0.. ;:J 
I!) .... I!) ..... 

:::J I!) 
I!) '" 

+ + + 
+ + + 
+ + . 
+ + 

+ + 
+ + 
+ + + 
+ 

+ + + 
+ + 

+ + 
l...-

• , • 

HUf1A1'I en 

PIS(~ FTI » 
en 

tn z r ::0 
0 PI 1)1 J> c: ..... cr ..... ..... c: .... 
::r ""1 ...... 2: 

DI ;:J C> 
§" ...... -.. 

I!) * I!) ..... n 
""1 :::J ..... ...... -.. ...... 
n I!) 0 
1)1 n :::J ..... TAXOilO:UC ..... 

0 STATUS :::J 

22 Bunyavirus 
22 • 
22 II 

22 .. 

22 Bunyavirus 
22 " 

+ 21 .. 
+ 22 n 

22 II 

22 II 

+ 20 II 

I...--- L....-.. 



.j::o
N 

VIRUS 

Aguacate 
Anhanga 
Arumowot 

, BuJaru 
Cacao 
Caim1to 
Cand1ru 
Chagres 
Chilibre 
Frijoles 
Gordl1 
Icoaraci 
Itaporanga 
Karimabad 
tUque 
Pacui 
Punta Toro 
Sa1ehabad 
SF-Naples 
SF-Sicilian 

* See footnote Table 5 

• ( 

TABLE 15. PHLEBOTOMUS fEVER GROUP VIRUSES 
. 

ISOLATED FROM ISOLATED IN 

ARTHROPODS VERTEBRATES > > > JTI 
"'*I I/'> C C 

0' ::>:I 
"'S -"" In "'S 

'"0 ('") <::> ::;;:: CD CD ::;; <::> VI ..... AI .... 0 
Mosq. Ticks ::r c:: rt' QI n-l 0 -. QI QI rt' (I) 0 "'S ~ 

til' .... ::T ::J ::T 0. "'S .... "'S ::r ::I CIt QI (I) 

g 5' -. (I) (I). (I) 0.. II'> en (I) n- .-
.... :I> g- o "'S "'S' ::J en c "'S ..... QI 
X "'S 0 leT ~ ::I II'> 

.... 0 o \Q i -. '"0 I/'> ..... IV ..... 
- "0 0. I» 0.. "'S' I» .- I» o ::T .... II'> (I) ....... ;: II'> 
.... IV 0.. ... .... II'> ~ :::I ..... 0.. :::I 
(I) ... IV :it :::I 

(I) II'> 

+ 
+ 

+ '+ + + 
+ 

~ 

+ 
+ 

. + 
+ + . 

+ 
+ 

+ .+ 
+ + + + + + 
+ + + + 

+ + 
+ 
+ .+ 
+ + 
+ + 
+ + I + + + 
+ + ~ + + + 

.. 

HUi·:AN VI 

nSEASE JTI 
::> 
VI 

::z VI ::z r ::>:I 
0 0 cv a. :I> 
"'S C n- O'" -f .... n- c ...... 
::T ::T "'S ...... ::z a. ::I CO> 

~ §' .- ...,.. 
(I) l!-

(I) (I) ..... n 
"'S "'S ::J n-.... .... ...,.. .... 
0 0 1'1) 0 
QI I» n ::I .... TAXONQ;·ac .... 

0 STATUS :::I 

+ 21 Bunyavirus .. 11ke 
+ 22 II 

22 " 
+ 22 " 

+ 21 " 
+ 22 II 

+ + 22 " 
+ + 22 H 

+ 21 " 
+ 22 " 

22 H 

+ 21 H 

+ 20 II 

22 II 

+ 22 " 
+ 21 " 

+ + . 22 H 

22 II 

+ 20 .. 
+ 20 • 

, , 



"'" w 

• IF f 

VIRUS 

CHF-CONGO GROUP 
Congo 
Hazara 

GANJAM GROUP 
Dugbe 
Ganjam 

KAISODI GROUP 
Kaisodi 
Lanjan 
Silverwater 

THOGOTO GROUP 
Thogoto 

UUKUNIEMI GROUP 
Grand Arbaud 
Manawa 
Ponteves 
Uukuniemi 
Zal;v Terpeniya .. 
See footnote Table 5 

TABLE 16. TICK-nI)ME GROUPS OTHI:R THAN GROUP B VIRUSES 

ISOLATED FROf4 ISOLATED IN 

ARTHROPODS VERTEBRATES > .> > t'T1 ...... en c c 

~ '"' .... '" '"' "0 0 ~ 0 ;;:0 ro tp 3: 0 VI ..... III ri- o 
MOSQ. Ticks ::r ri- ri- o .... III 0> ri- III 0 '"' "0 

~ ~ ::r :::I ::r a. '"' ri- '"' ::r :::I 0> 0> III 
III ...... III III III 0. In '" III ri- .... 

g S- .... ?; c- o '"' '"' :::I In C '"' .... co 
X 0 0 ri- "0 :::I en 

-' 0 0 <0 ri- .... "0 en ..... III .... ..... "0 0. 0> 0 0. '"' III .... III 
0 ::r .... '" :3 III .... -- In .... ! 0. _. -"- en 3 In 
:::I 0. :::I AI 
III .... III .-t 

:::I III 
III '" 

+ + + t + + + 
+ + -

+ + + + + + + 
+ + ... + 

+ + + 
+ + 
+ - + 

+ + + + + 

+ + 
+ + + 

+ + 
+ + + + 
~ + 

.. , .. 

HUMAN "(J') 

PISEASE 
,.,. 
> 
VI 

:z VI :z r-
.~ 0 0 III III 

'"' C ri- c- -i 
ri- ri- C ..... 
::r ::r '"' .... :z 

III :::I en 
§» §» .... ...... 

III >l-
III III ....... 0 

'"' '"' :::I ri-..... .... ..... .... 
0 n III 0 co AI n :::I 

ri- TAXONOt41C i .... 
0 STATUS :::I 

+ + 20 Bunyav1rus-11ke 
22 It 

+ 22 Bunyavirus-like 
+ + 22 II 

22 BunYdvirus-like 
22 .. 

+ 21 .. 

+ 22 . Bunyavi rus-li ke 

20 Bunyavirus-like 
22 II 

22 II 

21 " 
22 .. 



.po 

.po 

VIRUS 

KH1EROVO 
Baku 
Bau1ine 
Cape ~:rath 
Chenuda 
GreJt Island 
Huacho 
Kem:rovo 
lipovnik 
~lono Lake 
Okhotskiy 
Seletar 
Sixgun City 
Tribec 
~:ad i·~=dani 
Yaquina Head 

See footnote Table 5 
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TABLE 17. TICK-BORNE GROUPS OTHER THAN GROUP B VIRUSES 

ISOLATED FRO:4 ISOLATED IN 
-

ARTHROPOQS VERTEBRATES );0 _);0 );0 rrI :z 
-t, If> c::: c::: 0 

------~ , ..... If> , , 
"Q n C> ::;;:: 0 XI o:l t;. 3: 0 VI ..... Do rt 0 rt 

~osq. Ticks ::r- c::: M- Do M- 0 ..... ~ Do M- til n "1 "0 ::r-
-' -' ::r- :::J ::r- 0- , .... , ::r- :::J Do Do til -- ~ 

..... til til til 0- v If> til rt -0 

~ n ::x> .... ::x> n , , :::J If> c::: , ..... Do 
c::: :::J X .... 0 0 rt "0 :::J If> til 
-0 0 0 10 M- ..... "Q If> ..... til .... . "1 
..... "'C 0- Il> 0 0- , Do -0 Do ..... 
n ::r- ..... 1/1 3 til ..... -' 1/1 n 
..... til 0- ..... ..... 1/1 3 1/1 Do 
:::J 

i"l 
0- :::J Do 

til til M-
til 
1/1 

+ + 
+ + 
+ +-

+ + 
+ + 

+ 
+ + + + + 
+ + 

+ + 
+ + 
+ + 

+ + 
+ + + + 
+ + + + 
+ + 

-

4 

HUMAN VI 

)I SEASE rrI 
);0 
VI 

VI :z r- XI 
0 Do Do );0 
c::: rt 0- -t 
rt c::: ~ 

::r- , 
~ ;z 

Do :::J (;") 

~ 
-0 -t, 

til It 
til ~ n , :::J rt ..... -t, ..... 
n til 0 
Do n :::J 

M- TAXO::O:UC -'. 
0 STATUS :::J 

22 Orbivirus 
22 
22 
22 
22 

+ 22 
+ + 21 

22 
22 
22 
22 
22 
21 
22 
22 

.. • • 



,c.. . 
V1 

t • .. 

OERA GHAZI KHAN GROUP 
Abu Hammad 
Oera Ghazi Khan 
Kao Shuan 
Pathum Thanf 
Pretoria 

HUGHES GROUP 
Hughes 
Punta Salinas 
Soldado 
Zirqa 

QALYUI! GROUP 
Bandia 
Qa1yub 

gUAR~NFIL GROUP 
Johnston Atoll 
Quaranfi1 

SAI':HALIN GROUP 
Avalon 
C10 Mor 
Sakhalin 

* See footnote Table 5 
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TABLE 18. TICK-BORNE GROUPS OTHER THAN GROUP B VIRUSES 

ISOLATED FROM ISOLATED IN 

ARTHROPODS VERTEBRATES ,.,. ,.,. ,.,. ,." 
-t. en r:: r:: , ..... I/) , 

~ ("') 0 3: 0 :;;0 t::l c;::I 3: 0 V') ...... PI rt 0 
MosQ ... Ticks ::r <:: rt 0> rt 0 ...... 0> 0> rt ro (") , "0 

~ ~ ::r :J ::r Q. , rt , :;;T :J PI 0> ro 

?i 
ro .... ro ro ro c.. I/) I/) ro rt .... 

("') ,.,. '- 0- (") , , :::J I/) r:: , ...... PI 
r:: :J X 0 0 rt "0 :::J en ...... 0 0 <0 rt ...... 

" II> 
..... ro .... 

....I. -0. Q. PI 0 a. , PI ..... PI 
(") ::r ..... I/) 3 ro ..... ...... II> .... ro c.. ..... ..... I/) 3 II> :J ...... a. :::J PI ro ..... ro rt 

:::J ro 
ro I/) . 

+ + 
+ + 

+ + 
+ + 
+ + . 

. 
-

+ + 
+ 
+ -. 
+ + 

. 

+ + + 
+ + 

+ ... 
+ + + + 

+ + 
+ '. + 
+ + 

,. • 

Hur4AN VI 

DISEASE ~ 
VI 

z VI z r ~ 0 0 PI PI , r:: rt 0- -t 
rt rt c: ..... 
::r ::r , .... z 

PI :J W> ,.,. §' ~ ~ 
3 ro >to ro ro ..... (") , , :::J rt .... -. -t. ..... 
(") (") ro 0 
0> PI (") :::J 

rt TAXONOMIC .... 
0 STATUS :::J 

22 Unclassified 
22 " 
22 II 

22 II 

22 " - - .. -
+ + 21 Unclassified 

+ 22 H 

+ 22 II 

22 .. 

22 Unclassified 
22 II 

22 Unclassified . 
+ 20 II 

+ 22 Unclassified 
22 " 

+ 122 " 



.f:-
0\ 

,. 

VIRUS 

ANOPHELES A GROUP 
Anopheles A 
Lukuni 
Tacaiuma 

ANOPHELES B GROUP 
Anopheles B 
Boracea 

BAKAU GROUP 
Bakau 
Ketapanq 

MAPPUTTA GROUP 
Mapputta 
Maprik 
Trubanaman 

TURLOCK GROUP 
M'Poko (=Yaba-l) 

Turlock 
Umbre 

* See footnote Table 5 

f • • 

TABLE 19. MINOR ANTIGENIC GROUPS Of VIRUSES 

ISOLATED FROM . ISOLATED IN 

J> ARTHROPODS VERTEeRATES J> J> IT1 :z 
-i> III c: C 0 , .... CII , , 

~ n 0 3.: ~ ::0 to to ~ 0 VI ..... OJ c-t 0 t+ 
~sq. Ticks c M- III 0 ..... OJ c-t III 0 , "0 ::r 

iii 
~ :::r :::J :::r 0. ct' :;t 

, :::r :::J OJ Q> III 

2 ~ 
.... III III III CII III c-t .... it ...... l> 0- 0 , , :::J (II c: , ..... Q> 

)< , 0 0 c-t "0 :::I III III :: .g o <0 c-t .... -c In ...... III ..... , 
0. QI 0 0. , DI .... OJ ...... 

~. ~ ...... CII 3 III ..... - III 0 
0. .... ..... In :3 III OJ 

:::I - 0. :::J OJ 
III .... III c-t 

:::I III 
III In 

+ 
+ + 
+ + + 

+ 
+ + 

+ + + + 
+ + 

+ + 
+ + + 

+ + 

+ + 
+ + + + + 
+ + + 

~ 

HUMAN VI 

PI.~~ m 
J> 
VI . 

VI 2: ,... :;JO 
0 QI QI oJ> 
c: c-t CT -t 
c-t c: ...... 
::r ,.,. .... 2: 

Q> :::I G") 

it ...... ..... 
III It 

III ...... 0 , :::I c-t ..... -i> ... 
0 III 0 
OJ n :J 

c-t TAXONDrUC ...... 
0 STATUS :::J 

+ 21 Bunyav1rus-l1ke 
+ 22 II 

+ 21 .. 

+ 22 Bunyavirus-l1ke 
+ 22 .. 

22 Bunyavirus-like 
1'1 

II 

22 Bunyavirus-like 
21 II 

22 .. 

22 Bunyavirus-l1 ke 
+. 20 .. 

_?I- .. 
L...-. 

~ .. 



po 
...... 

t • 

. 

. 

"VIRUS 

AfRICAN HORSESICKNESS 
~frlcan fiarsesickness 
BLUETONGUE GROUP 

Bluetongue 
CHAt:GUINOLA GROUP 

Changuinola 
Irituia 

-CORRIPARTA GROUP 
Acado 
Corriparta 

EHO GROUP 
Epizootic hem. dis. 

EUBENANGEE GROUP 
Eubenangee 
Pata 

PAL YAr1 GROUP 
D'Agullar 
Kasba 
Pa lyam 
Vellore 

li"ARREGO GROUP 
Mitchell River 
WarreQo 

* See footnote Table 5 . 
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TABLE 20. MINOR ANTIGENIC GROUPS OF VIRUSES 

ISOLATED FROi~ ISOLATED IN 

- ARTHROPODS VE HEBRATES ,... J> J> 1"1'1 .... III I:: I:: 
"1 ..... III "1 -a n 0 3: 0 ;':J co co 3: o (I') .... g, ..... 0 

Mosq. Ticks ::T I:: ..... g, ..... c ..... g, g, ..... /1) n "1 "0 ..... ..... ::T ::I ::T C . "1 ..... "1 ::T :::J I» g, /1) 

n >- )C' ~ 
/1) ..... 1'0 /1) !E Q. III III 1'0 ..... .... 
0" n "1 "1 III I:: "1 .... g, 

I:: :::J o 0 r' "0 :::J III 
- 0 o I.C ......... -c v .... 1'0 .... 
... "QI 0. g, o 0. "1 I» .... g, 
n :::r ... III 9 1'0 .... ..... en .... I't 0. ~ 

... III 3 III 
::I - ::I g, 
I'D ... 1'0 ..... 

::I I'D 
I't III 

+ + + + + 

+ + + + + 
-

+ + 
+ . 

+ + 
+ + + 

+ 

+~ +~ + 
+ + 

+ + 
+ + 
+ + 
+ + . 

I II TI:I + .. 
'---

,. • 

HUf1AN (I') 

DISEASE fT'I 
J> . 
(I') 

:z (I') :z r ;:0 
0 0 Co Co J> 
"1 I:: ..... 0" -I ..... ..... c: -::T ::T "1 -- :z 

g, ::I '" ~ J> ...... .... 
3 II) .. 

/1) /1) - n 
"1 "1 ::I ..... .... .... .... ..... 
n n II) 0 
I» g, n :::J ..... TAXQ;:O:·lIC .... 

0 STATUS" :::J 

20 Orbivirus 

+ 20 ,Orbivirus 

+ + 21 Jorbivirus 
+ 22. " 

~orbivirus 
22 " 

+ ;llorbivirus 

22 Orbivirus 
22 " 

22 Orbivirus 
22 " 
22 " 
22 " 

22 Orbivirus 
22 .. , 



..a::-
00 

. 

VIRUS 

.-
KNATTA GROUP 

Kwatta 
~--.. 

MOSSURIL GROUP 
Kamese 
Mossuri 1 

--
VESICULAR STOl,:ATITIS GR. 
-C'handfplII'a 

Cocal 
Pi I'y 
VSV-Indiana 
VSV-Nel'/ Jersey 

* See footnote Table 5 

4 • , 

TABLE 21. MINOR ANTIGENU; GROUPS Of VIRUSES 

. 
ISOLATED FP.0l4 ISOLATEO IN 

AR.THROPODS VERTEBRJ.TES ):.0 ):.0 ):.0 m .... III c:: c:: 

~ 
., ..... III 6 "0 n 0 3: 0 f] OJ TN 3: VI ..... III ..... 

Mosq. Ticks ~ c: ..... III ..... ..... "' III 11) 0 ., '0 ..... ::r :::I ::r 0. C:l ..... ., ::r :::I III III 11) 

X ?; 
11) ..... 11) 11) 11) 11'0 11\ 11) ..... --' 

n l> c- o ., , ::J 11\ c: ., ..... III 
c: ::J 0 0 ..... '0 ::J III ..... 0 o <0 ..... ..... "0 III ..... 11) ..... ..... '0 0.. III 0 0. ., III ..... III 
0 ::r .... III 3 11) ..... v: III 
.... 11) 0.. .... ...... III ill ::J ..... 0. :::I 
11) oJ 11) ..... 

::J 11) 
11) III 

+ 

~ 

+ + 
+ + + 

+ + + + + 
+ + + + + 

+ + 
+ + + + 

+ + + 

BUI4A1I "" PISl.A~E ~ 
VI 

:z VI :z r :;Q 
0 0 III III ):.0 ., c:: ..... c- -t ..... ..... c: . ..... 
::r ::r ., ..... :z 

III :::I Cl 

?i 2? ...... ..... 
ii I'l) .. 

11) ..... 0 ., ., ::J ..... .... ..... ..... ' ..... 
0 0 (l) 0 
go go 0 ;:I ..... TAXono:Uc ..... 

0 STATUS ::> 

+ 22 Rhabdovirus 

22 Rhabdovirus 
22 II 

+ 21 Rhabdovirus 
+ 20 II 

+ + 22 II 

+ + + + 20 II 

+ + + + 22 .. 

'" 
, , 



.po 
\0 . 

• It • 

VIRUS 

BOTEKE GROUP 
Boteke 
Zingi1aOlo 

MAlAKAl G~OUP 
~~~~~~~ 

MATARIYA GROUP 
8urg e1 Arab 
Garba . 
Ma tariya 

NrANOO GROUP 
Nyando 

TIr·leO GROUP 
Chaco 
Timbo 

* See footnote Table 5 

TABLE 22. MINOR ANTIGENIC GROUPS OF VIRUSES 

- ISOLATED FRor~ 

ARTHROPODS VERTEBR nES 
'"t:I ("') o :3: 0 :;0 c;J c;J :3: o VI 

Mosq. Ticks :::,- c:: rt III <+ 0 ..... '" '" rt I'D 
-' -' :::r :::s :::,- c.. ""I <+ "'1 ::T :::s 
I'D ..... I'D I'D I'D c.. \I) \I) I'D <+ ("') > ..... > c- n ""I "'1 :::s \I) c:: "'1 .... 

. c:: :::s X "'1 0 0 <+ "C :::s 
-' 0 o to <+ ..... 

'"t:I '" 
.... I'D ..... "C c.. '" 0 c.. "'1 III -' n :::r ..... \I) 3 CO .... -' '" .... I'D 0. ..... ..... \I) 3 II> 

:::s -' c.. :::s III 
I'D .... I'D r+ :::s I'D 

I'D II> 

-!--I-

+ 
+ 

"+ 
+ -r---

+ 
+ 
+ 

+ + 

+ 
+ 

It .. • • 

ISOLATED IN HUHAI'! VI . 
tHSLft.S£ tTl 

> 
VI 

):0 ):0 ::'1:>0 IT! ::z VI :z r :;lO .... '" c:: c:: 0 0 '" C> > 
"'1 .... \I) "'1 "'1 c:: rt t7 -I .... III <+ 0 <+ <+ c:: ..... 
n "'1 "0 :::,- :::,- ""I ~ 7-
III III I'D '" :::s c:;) 

-' §" §" -' --t, 
III co ,. 
\I) I'D I'D ..... n .... "'1 "'1 :::s rt 
III .... .... .... .... 

n n n 0 
Do I» n :::s 

rt TAXO:IOHIC -f. 

0 STATUS :::s 

+ ill Unclassified 
+ 22 .. 

1-
-!-

22 Unclassified 
+ 22 .. 

+ 

+ 22 Unclassified 
+ 22 II 

+ 22 .. 

+ + 21 Unclassified 
I--

+ 22 Unclassified 
+ 22 It 



I 11\ 
U ::s - I ~ 
:.: Vl I .... 
0:::1 > ;:: I- "":; = = = = = = = 0<.:( c: >< I- <11 
e:(Vl ~ 
l- e:( 

.. 

• 
S:AS RATING * ..,...,...,. .... ..,. .... ..,.~..,. 

NNNNNNN N 
\.1.1 Lab Infection z Vl ++ + 

~~ --
~~ Natural Infection + + + 

South America ++ + + + + + • 

North America + 
z: -
0 Europe 
\.1.1 
l-
e:( Australasia -l 
0 
V'I 

I - Asia 

Africa + 

·1 
1 Sentinel s 

I I Other + 
I d r':arsupial s I ;,. 

e:( tsats .;. 
0:: 
a:l l3irds L.U 
I-
0:: Rodents L.U +++++++ + 

% > 
0 Other Primates-0:: u.. 
0 Man ++ + 
L.U 
I- Other oj + + i e:( 
-l 
0 Culicoides 

. 
V'I I -, Vl I'hl ebotolll1ne I 

Cl 
c-
o.. Argasid 0 11\ 
0:: ~ 

~ U' Ixodid .... 
+ 0:: l-

e:( . Anopheline ('0. 

CT 
11'1 Culicine ('0. 

~ 

Ln 

<11 ,.... 
J::l .., 
l- • 

<11 ..... 
0 

V'I c: 

~ I -> <11<11 .... 0 '"'C.o 'r-

..... 
" 0 

0 .... 

I 
~ oc.",c:',-C 
"" c: "" c: ~ ~.- ~ '" 0. or- ""r-..c ",...::: ", o-
f"';' c: V1 ....., l) ..... fJ U ~ 
F.: ;:J ro '" '" .ry '." ", .., 

I « 0-:> _J .-J z: Q. 0. I- ~-

:il 
V'I 

• 

50 



VI 
I-' 

• • 

.~ 

VIRUS 

Rift Valley fever 
Tataguine 
Wi blatersrand 

Japanaut 
Lebombo 
Umatilla 

f~odamura 

Cotia 

Flanders 
Hart Park 
Joinjakaka 

* See footnote Table 5 
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TABLE 24. UNGROUPED I,aSQUITO-ASSOCIATED VIRUSES 

ISOLATED FROM ISOLATED IN 

ARTHROPODS VERTEBRATES > > ::t> rn .... III t:: t:: 
"'I -. In -s 

'"0 n 0 :3: a ;;, c;;o c;;o 3: 0 VI ..... '" ..... 0 

'1oSQ. Ticks ~ r::: rt Ell rt 0 ..... Ell '" " (I) n -s '0 ..... =:r ::I ::r- C1. -s rt -s :::r ::J '" go (I) 

~ ?; 
(I) ..... (I) CD ~) 0- III III (I) " ..... .... ):> 0- n -S -S :1 III c: ., .... '" X -s 0 0 ... '0 ::I III ........ 0 0 <0 rt ...... '"0 c.. .... I'D -. .... 

~ ~ '" 0 0- ., 
'" ..... '" n III 3 CD ...... .... III ... !!. 0- ..... .... III 3 III 

::I 0- ::I '" I'D ... I'D t+ 
-::I I'D 

I'D III 

+ + + + 
+ + + + 
+ + + + 

+ + + -
+ + + + + 
+ + -
+ + 

+ + t + 
-

+ + 
+ +. 
+ + 

-

• • .. 

HUHI1.1f VI 

PISEASE fT'1 
::> 
VI 

:z VI :z r- :;JJ 
0 0 '" "" ::> -s t:: ..... .0- -I 
rt ..... c: .... 
=:r :;T -s ...... :z 

'" ::I I::") 
:::> ~ 

..... ..... 
3 I'D '" CD (I) .... n --s -s ::I .... ..... ..... ..... ..... 
n n CD 0 

'" go n ::I ..... TAXO:;O;.aC .... 
0 ST';TUS ::s 

+ + 20 3unyavirus-like 
+ 22 " 

21 " 

21 PI'bivirus 
21 " 

+ 20 .. 

+ + 

23 feo:".v; rus 
24 OXVlrus 

+ 22 th.bdOVirus 
+ 21 .. 

22 " 



VI 
N 

. 

VIRUS 

Arkonam 
Aruac 
Ban~oran 
Belmont 
Gorroka 
leri 
Kowanyama 
La Joya 
Ninna1 
Nkolbisson 
Okola 
Pacora 
Tanga 
Te;;l~e 

Triniti 
Venkatapuram 
~:ongorr 
Yata 
Zinga 

* See footnote Table 5 

II • ,. 

TABlE 25. UNGROUPEO MOSQUITO-ASSOCIATED VIRUSES 

ISOLATED FROM ISOLATED IN 

ARTHROPODS VERTEBHATES ~ ~ ~ 1'1'1 
"'iI UI c::: c::: 

~ '"" 
.... UI 

'"" "t:I ("") 0 3: 0 ;u cu cu 3: en ..... Do ..... 0 

Mosq. Ticks :::T s:::: ..... I» n- o ..... I» I» 11) 0 

'"" 
"C 

--' -' :::T ::s ::s- a.. '"" ..... '"" ::r ::s II> Do 11) 

g S-
11) ..... 11) 11) 11) 0.. III UI (1) rt -' ...... ):> CT 0 '"" '"" 

::s III c::: '"" ..... CIt 
)0( 

'"" 0 
0 rt "C :s III 

-' 0 o 1.0 ..... ->. "'0 UI ..... 11) ..... 
.... "C a.. IIJ 0 0.. 

'"" 
CIt .... II> 

0 ::r .... III 3 m .... -- III .... (1) 0.. ..... .... III 3 III ::s ..... a.. ::s II> 
(1) .... (1) rt ::s 11) 

(1) UI 

+ + + 
+ 
+ + + 
+ + -
+ + + + , 
+ I 

+ 
, 

+ 
+ 
+ + 
+ + 
+ + 
+ 

+ + 
+ 

+ 
+ + 
+ + 
+ + 
+ + + 

-

• 

tuWf en 
PISEASE 1'1'1 

~ 
en 

:z en 2' r :::0 
0 0 PI Do ~ 

'"" 
c::: .... CT -I ..... ..... c::: ...... 

:::T :::T '"" ..... ::2: 
CIt 

~ G'l 
§" ~ -' 

(1) .. 
11) ID .... 0 

'"" '"" 
::s rt ....... ..... "'iI ..... 

0 0 11) 0 
CIt CIt 0 ::s 

rt TAXOilOiUC ..... 
0 STATUS :s 

22 Unclassified 
+ 21 II 

22 u 

22 I 

22 
+ 22 

22 
+ 22 

22 
22 
22 

+ 22 " 
22 n 

+ 22 .. 
+ 21 n 

22 H 

22 " 
22 H 

+ 22 .. .. 

• • 



V'I 
W' 

.... 

* 
** 

• • 

~~p rlisease 
ine fever 
ick fever 

~ 

Ie 

-, 
See' footnote Table 5 
Cuba 
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TABLE 26. UNGROUPEO TICK-. CULICOIOES-, OR PHlEBOTOMUS
ASS('C1ATEO VIRUSES 

ISOLATED FROM ISOLATED IN 

ARTHROPODS VERTEBRA1ES ):> ):> ):> IT! :z 

'"'" '" J:: J:: 0 
-s ...... in -s -s 

'"'0 n 0 3: 0 ;0 o:;J O:J ::<:: 0 (A ..... co rt 0 rt 

Mosq. Ticks ::r J:: rt CI rt 0 .... CI IlJ rt m n -s "CI :::r ..... ..... :::r :s :::r a. -s rt -s :::r :::s co co m 
It) ..... m m It) a. '" '" It) rt ..... ):> 

n J> ..... » CT n -s -s :s '" J:: -s ..... co 3 
J:: :::s X -s 0 0 rt "CI :s '" It) 
-' 0 0 u:J rt ..... -0 til ..... It) ..... -s ..... "CI a. a- 0 a. -s CO ..... CO ..... 
n :::r ..... til 3 m ..... ...... 

'" n ..... m a. --t. --'. til 3 '" CO :s -' a. :s a-
It) .... m rt :::s m 

It) '" -
+ + + + + + 
+ i + 
+ + + + .. 

+ + + + -+ + + + - + 
1'- . 

+ + + - -+ + + 
+ + + 

+ + 
+ + + 

+ + + 
+ + + 
+ 

+ + 
+ + + 

+ + 
+ + 

+ + 
+ + 

+ + + + + -- - " ---'- -

f, , • 

-.~. 

HUf4Ar1 (A 

InSEAS[ IT! » - (A 

(A z r- ;0 
0 Qo ~ ):> 
J:: rt CT -l 
rt c:: ..... 
:::r -s ..... z a- :::s Ci') 

§> --' .... 
CD * m ..... n 

-So :::s rt ..... .... ..... 
n m 0 
CO n :s 

rt TAXO::O:·:rc . ..... 
0 STkTU5 :::s 
.-~-.- - - . .. -•.. 

+ 22 Bunyavirus-like 
22 " 

+ + 20 " 
+** 20 Irhlovirus 

+ + 201 Ortli 111 rus 
22 I RhabJovirus 
22 Unclass Hied 
22 It 

22 II 

22 .. 
22 
21 

+ 22 
22 
21 
22 
22 
22 I 

22 " 
2? " --
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VI 
.t:-

VIRUS 

:;ariva 
Kern Canyon 
Lagos r:at 
Mount E1gon Bat 
!'lav",..rv 
Allll:.'J iwar 
Ban~ui 
Bir.luo 
GOSSilS 

Kam'113 vanpet ta i 
Kannamanga1am 
Keura1iba 
Kolonso 
Landjia 
Le Dantec 
Marburg 
Marco 
Ouango 
Saint-Floris 
Sandjimba 
Sembalam 
Simian .Iemorrh. fever 
Tanjong Rabok 
Thottapa 1ayam 
Toure 
Vogue 
~ 11"'_. _ r __ . i 

'" • 

TABLE 27. UNGROUPED VIRUSES: NO ARTHROPOD VECTOR KNOWN 

.. - .. .. _ .. -_._----- ._--_ .. _--

ISOLATED FRor1 ISOLATED IN HUi-lA1I !/I 

In SEASE m 
==-In 

ARTHROPODS VERTEBRJlTES ==- ==- ==- m :z In 21r :;0 ..... III c; C 0 0 DI Q> ==- . - .., .... "" 
.., .., C M' cr -; 

"1J ("") 0 3: 0 :;0 g;) to :::; 0 In --. DI .... 0 .... M' C ..... 
lMosq. Ticks ::r c M' C>I M' 0 ...... '.I C>I rt tb 0 .., 'U ::r ::r .., ...... ::? -' ..... ::r ::l ::r 0. .., tot .., :T ::l C>I IV AI C>I ::l c;') 
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TABLE 28. CONTINENTAL· DISTRIBUTION OF GROUPED AND UNGROUPED VIRUSES 

Total Aus- North South No. of Conti-
i.n Afr- tral- Eur- Amer Amer- nents involved 

G\"oup ica Asia asia oEe ica ica 1 2 3 4 5 
20 6 6 5 1 ~ 8 13 5 1 0 1 
1 1 1 0 1 0 0 0 0 1 0 0 

• 3 0 0 0 0 0 3- 3 0 0 0 0 
2 0 0 0 0 0 2 2 0 0 0 0 

57 17 24 12 7 10 6 43 10 3 1 0 
2 0 2 0 0 0 0 2 0 0 0 0 
1 1 1 0 1 1 0 0 0 0 1 0 
2 2 0 0 0 0 0 2 0 0 0 0 

18 4 1 0 2 8 6 • 15 3 0 0 0 
2 2 0 0 0 0 0 2 0 0 0 0 

11 0 0 0 0 5 8 9 2 0 0 0 
11 1 0 0 2 8 2 9 2 0 0 0 
6 0 0 0 0 3 5 4 2 0 0 0 
6 0 0 0 0 2 5 5 1 0 0 0 
2 0 0 2 0 0 0 2 0 0 0 0 
4 0 0 0 0 4 0 4 0 0 0 0 

16 9 5 2 0 2 2 12 4 0 0 0 
4 3 1 0 2 0 0 2 2 0 0 0 
7 1 1 0 0 2 3 7 0 0 0 0 
2 " n 0 I) 1 1 2 0 0 0 0 v .-
2 1 2 0 1 0 0 1 0 1 0 0 
2 1 0 1 0 0 0 2 0 0 0 0 
5 2 3 0 0 0 0 5 0 0 0 0 
1 0 0 0 0 1 0 1 0 0 0 0 
2 1 0 1 0 0 0 2 0 0 0 0 

GAN 2 1 1 0 0 0 0 2 0 0 0 0 
HUG 4 0 1 0 0 1 3 3 , 0 0 0 
KSO ·3 0 2 0 0 1 0 3 0 0 ·0 0 
KEM 15 3 4 0 4 6 1 13 1 1 0 0 
KHA 1 0 0 0 0 0 1 1 0 0 0 0 
MAL 2 

. 
1 1 0 0 0 0 2 0 0 0 0 

MAP 3 0 0 3 0 0 0 3 0 0 0 0 
MTY 3 3 0 0 0 0 0 3 0 0 0 0 
MOS 2 2 0 0 0 0 0 2 0 0 0 0 
NOO 1 1 0 0 0 0 0 1 0 0 0 0 
PAL 4 0 3 1 0 0 0 4 0 0 0 0 
PHL 20 4 4 0 2 8 6 18 0 2 0 0 
QYB 2 t 2 0 0 0 0 0 2 0 0 0 0 
QRF 2 1 0 1 0 0 0 2 0 0 0 0 
SAK 3 '0 1 0 1 1 0 3 0 0 0 0 
TCR 9 I; 1 0 0 0 1 7 9 0 0 0 0 
THO 1 1 0 0 1 0 0 0 1 0 0 0 
TIM 2 0 0 0 0 0 2 2 0 0 0 0 
TUR 3 1 1 0 0 1 1 2 1 0 0 0 
UUK 5 0 2 0 3 0 0 5 0 0 0 0 
VSV 5 1 1 0 0 2 4 2 3 0 0 0 
~!1iR 2 0 0 2 0 0 0 2 0 0 0 0 
Ungrouped 76 31 17 10 4 10 10 72 2 2 0 0 

Total s 359 lOS 85 40 32 83 86 305 40 " 2 , 
.. 
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TABLE 29. NUMBER OF VIRUSES-ISOLATED FROM WILD CAUGHT ARTHROPODS 

Isolated From' • 
phleboto- No. of Class-

mine Culi- es involved 
Flies coides Mites Other 1 2 3 

0 4 6 3 
0 0 1 0 0 1 0 0 
0 0 0 0 0 3 0 0 
0 0 0 0 0 2 0 0 

15 0 0 1 1 38 3 0 
1 0 0 0 0 1 1 0 
0 0 1 . 0 0 1 0 0 
0 0 0 0 0 1 0 0 
0 0 2 0 0 17 1 0 
0 0 0 0 0 2 0 0 
0 0 0 0 0 11 0 0 
0 0 0 0 1 10 1 0 
0 0 0 0 0 5 0 0 
0 . 1 0 0 0 4 1 0 
0 0 0 0 0 2 0 0 
0 0 0 0 0 3 0 0 
0 0 8 0 0 10 3 0 
0 0 0 0 0 0 0 0 

i 5 0 0 " " ... ,. 
" 1'\ 

V V u oJ V v 
2 0 0 1 0 0 0 1 0 0 
2 0 2 0 1 . 0 0 1 1 0 
2 2 0 0 0 0 0 2 0 0 
5 0 5 0 0 0 0 5 0 0 
1 0 0 0 0 0 0 0 0 0 
2 2· 0 o· 0 0 0 2 0 0 
2 2 2 0 1 0 0 0 - 1 1 
4 0 4 0 0 0 0 4 0 0 
3 0 3 0 0 0 0 3 0 0 

15 0 15 0 0 0 0 15 0 0 
1 1 0 0 0 0 0 1 0 0 
2 2 0 0 0 0 0 2 0 0 
3 3 0 0 0 0 0 3 0 0 
3 0 0 0 0 0 0 0 0 0 
2 2 0 0 0 0 0 2 0 0 
1 1 0 0 0 0 0 1 0 0 
4 3 0 0 1 0 0 4 0 0 

20 4 0 13 0 0 0 15 1 0 
2 0 2 0 0 0 0 2 0 0 
2 0 2 0 0 0 0 2 0 0 
3 0 3 0 0 0 0 3 '0 0 
9 1 1 0 0 3 0 3 1 0 
1 0 1 0 0 0 0 1 0 0 
2 0 0 0 0 0 0 0 0 0 
3 3 0 0 0 0 0 3 0 0 
5 0 5 0 0 0 0 5 0 0 
5 2 0 2 0 1 1 2 2 0 
2 0 0 0 2 0 0 2 0 0 

76 32 17 2 2 0 1 46 4 0 

359 1e4 78 19 20 9 6 263 23 2 .. 
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TABLE 30. NUMBER OF VIRUSES ISOLATED FROM NATURALLY INFECTED VERTEBRATES 

I U CI. c:L S-
I III Number of Classes ,... III III III ::1111 I.JkI. ';-1... ........ ::1 It! ::I (uICIJ .... "'0 CII CII ,... (Uu .-ClJ Involved .... cc -+->cc c .c: _-+-> I C I... -+-> I... It! >c ce:.c: CCIJI... c· .... I... It! -+->1...1t! c<:'J ..... Ia "' ..... ......... ...., , 2 3 4 5 6 ce: c:;nc::J I- C!l ;;;; Qo..iii O:::lO1 co Sii :.- ~ ..IV' 0 

A, 20 8 2 6 7 2 5 5 3 6 2 1 3 1 1 .. AHS 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 
AHA 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ANB 2 0 0 ,0 0 0 0 0 0 0 0 0 0 0 0 
B 57 26 3 17 14 14 1 5 6 27 6 5 4 2 1 
BAK 2 0 1 0 0 0 0 0 0 , 0 0 0 0 0 
BLU 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 
BTK 2 0 0 0 1 0 0 0 0 1 0 0 0 0 0 .. 
~BUN 18 5 1 3 0 0 0 1 3 9 2 0 0 0 0 
g BWA 2 1 0 0 0 0 0 0 0 1 0 0 0 0 0 
I...C 11 9 0 8 0 1 5 0 1 2 6 2 , 0 0 

.. ~ CAL 11 2 0 2 0 1 0 0 0 5 0 0 0 0 0 

rp 6 0 0 3 0 0 1 0 0 2 1 0 0 0 0 
til GMA 6 2 0 5 0 2 3 0 0 2 1 0 2 0 0 
f KOO 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~ PAT 4 0 0 3 0 0 0 0 0 3 0 0 0 0 0 
tOlSIM 16 2 1 0 3 0 0 6 2 8 3 0 0 0 0 
1TETE 4 0 0 0 4 0 0 0 0 4 0 0 0 0 0 
~ SBU 7 0 0 0 1 1 0 0 0 2 0 0 0 0 0 

CGL 2 1 0 1 n 0 f) !! 1'1 ., f\ f\ " 0 0 " .. v v v 
CUN 2 1 0 0 0 0 0 1 1 0 0 1 0 0 0 
COR 2 0 0 0 1 0 0 0 0 1 0 0 0 0 0 
OGK 5 ,0 0 0 0 0 0 0 0 0 0 0 0 0 0 
EHO 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 
EUB 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
GAN 2 2 0 1 0 0 0 1 0 1 0 1 0 0 0 
HUG 4 0 0 0 1 0 0 0 0 1 0 0 0 0 0 
KSO 3 0 0 0 1 0 0 0 1 2 0 0 0 0 0 
KEM 15 1 0 1 1 0 0 0 0 1 1 0 0 0 0 

. K~lA 1 0 0 0 0 0 0 0 0 0 o· 0 0 0 0 
II.AL 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
t-lAP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
MTY 3 0 0 0 3 0 0 0 0 3 0 0 0 0 0 
tl,OS 2 0 0 0 1 0 0 0 0 1 0 0 0 0 0 
NOO 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 
PAL 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
PHL 20 5 0 5 2 0 1 0 2 9 3 0 0 0 0 
QVB 2 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
QRF 2 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
SAK ,3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
TCR 9 3 0 8 0 1 0 0 1 6 2 1 0 0 0 
THO 1 1 0 0 0 0 0 1 0 0 1 0 0 0 0 
TIM 2 0 0 0 0 0 0 0 2 2 0 0 0 0 0 
TUR 3 0 0 0 2 0 0 0 1 1 1 0 0 0 0 
UUK 5 0 0 1 1 0 0 0 0 0 1 0 0 0 0 
VSV 5 4 0 1 0 0 1 3 1 1 4 0 0 0 0 
~:AR 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" Ungrouped 76 11 1 10 13 8 0 4 5 39 5 0 0 0 0 
Totals 359 86 ' 9 76-5830---'-7 29 30 HrO 40 11 10 3 2 

.. 

57 



TABLE 31. NUMBER OF VIRUSES ASSOCIATED WITH NATURALLY OR 
LABORATORY ACQUIRED DISEASE IN MAN 

Antigenic Total in' In Lab Either or 80th 
Groue Groue Nature Infection Number Percent 

Group A. 20 10 7 11 55.0 .. 
Afr.horsesickness 1 0 0 0 
Anopheles A 3 0 0 0 
Anopheles B 2 0 0 0 
Group B 57 27 22 29 50.9 
Bakau 2 0 0 0 
Bluetongue 1 0 0 0 
Boteke 2 0 0 0 • 

::I Bunyamwera 18 4 Z 5 27.8 
E Bwarnba 2 1 0 1 50.0 
I... C 11 9 2 9 81.8 
(I) California 11 4 0 4 36.4 a Capim 6 0 0 0 
1'0 Guama 6 2 0 2 33.3 
t Koongo1 2 0 0 0 
~ Patois 4 0 0 0 
~ Simbu 16 2 1 2 12.5 
§jTete 4 0 0 0 
co SBU 7 0 0 0 

Changuino1a 2 1 0 1 50.0 
CHF-Congo 2 1 1 1 50.0 
Corriparta 2 0 0 0 
Oera Ghazi Khan 5 0 0 0 
Epizoot.hem.dis. 1 0 0 0 
Eubenange"" 2 0 0 0 
Ganjam 2 2 1 2 100.0 
Hughes 4 0 0 0 
Ka;sodi 3 0 0 O· 
Kernerovo 15 1 1 1 6.7 
K"'/atta 1 0 0 0 
Malakal 2 0 0 0 
Mapputta 3 0 0 0 
Matariya 3 0 0 0 
Mossuri 1 2 0 0 0 
Nyando 1 , 0 1 100.0 
Palyam 4 0 0 0 
Phlebot. feY. 20 5 0 '5 25.0 
Qalyub . 2 0 0 0 
Quaranfil 2 1 0 1 50.0 
Sakhal in 3 0 0 0 
Tacaribe 9 3 3 3 33.3 
Thogoto 1 1 0 1 100.0 
Timbo 2 0 0 0 
Turlock 3 0 0 0 
Uukuniemi 5 0 0 0 
Vesic. stom. 5 3 3 4 80.0 
Harrego 2 0 0 0 • 
Un grouped 76 8 5 9 11.8 
Tota 1 s 359 66 48 92 25.6 
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TABLE 32. EVALUATION OF ARTHROPOD-SORNE STATUS 
OF 359 REGISTERED VIRUSES (SEAS) 

" 
(.,) en en en III en - ::s ~ ::s CI.!::S ~ ::s ::s Arbo or Not or c::a.. s.. ,... s.. ,... s.. .... s.. s.. 
CI.!::S .,... .£J .... .£J .,... .£J ..... c::.,... Probably Probably .. triO ..... a.. > <0 > ..... > <0+1> <0> 

....s.. ft:I ::J 0 .£JC::O <1)0 .£Joo 0 Arbo Not Arbo +lc..!:l +lC::0 .£J Ottl.£J <I) .£J o C::.£J .... .£J 
c:: 0 ..... s.. s.. s.. s.. os.. s.. s.. os.. No. % No. i <: r- c..!:l <: Q.. ex: Q..ex: a... <: zex: 

A 20 14 3 3 0 0 17 85.0 0 
AHS , 1 0 0 0 0 1 100.0 0 
ANA 3 0 2 1 0 0 2 66.7 0 
ANB 2 0 0 2 0 0 0 0 
B 57 29 7 14 2 5 36 63.2 7 13.0 
BAK 2 0 1 , 0 0 1 50.0 0 
BLU 1 1 0 0 0 0 1 100.0 0 
BTK 2 0 0 2 0 0 0 0 

~BUN 18 9 3 6 0 0 12 66.7 0 
g BWA 2 1 1 0 0 0 2 100.0 0 
s..c 11 10 1 0 0 0 11 100.0 0 

~CAL 11 6 2 3 0 0 8 72.7 0 

::JICAP 6 3 1 2 0 0 4 66.7 0 
Vl GMA 6 4 0 2 0 0 4 66.7 0 
~:KOO 2 0 2 0 0 0 '2 100.0 0 
".1- ._ 

4 i " C 0 2 ::-0_0 n 
~(AI .. 
<0 SIM 16 3 3 10 0 0 6 37.5 0 
~TETE 4 0 0 4 0 0 0 0 
g!SBU 7 1 1 5 0 0 2 28.6 0 

CGL 2 0 1 , 0 0 1 50.0 0 
CON 2 1 0 1 0 0 , 50.0 0 
COR 2 0 0 2 0 0 0 0 
DGK 5 0 0 5 0 0 0 0 
EHD , 0 1 0 0 0 1 100.0 0 
EUB 2 0 0 2 0 0 0 0 
GAN 2 0 0 2 0 0 0 0 
HUG 4 0 • 1 3 0 0 1 25.0 0 
KSO 3 0 1 2 0 0 1 33.3 0 
KEr4 15 0 2 13 0 0 2 14.3 0 
K~!A 1 0 0 1 0 0 0 0 
"1AL 2 0 0 2 0 0 0 0 
MAP 3 0 1 2 0 0 1 33.3 0 
MTY 3 0 0 3 O. 0 0 0 
MOS 2 0 0 2 0 0 0 0 
NDO 1 0 1 0 0 0 1 100.0 0 
PAL 4 0 0 4 0 0 0 0 
PHL 20 ' 3 5 12 0 0 8 40.0 0 
Qva 2 0 0 2 0 0 0 0 
QRF 2 1 0 1 0 0 1 50.0 0 
SAK 3- 0 0 3 0 0 0 0 
TCR 9 0 0 0 0 9 0 9 100.0 
THO 1 0 0 1 0 0 0 0 
Tm 2 0 0 2 0 0 0 0 

.. TUR ( 3 1 , 1 0 0 2 66.7 0 
UUK 5 1 1 3 0 0- 2 40.0 0 
vsv 5 2 1 2 0 0 3 60.0 0 
l-/AR 2 0 0 2 0 0 0 0 
Ungrouped 76 5 9 53 6 3 14 18.4 9 11.8 
To ta 1 s 35::) 97 53 184 8 17 150 41.8 25 7.0 
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REPORT FROM THE CHAIRMAN OF THE SUBCOMMITTEE ON EVALUATION 
OF ARTHROPOD-BORNE STATUS (SEAS) 

During the past four months (Sept.-Dec. t74) the SEAS Subcommittee has 

evaluated 10 newly registered viruses. For want of sufficient information, 

all have been classified as "possible arboviruses". Six of the viruses are 

from the Far East (Malaysia and Singapore), two are from Scotland and one 

each from Canada and the Sudan. 

Four viruses are presumably tick-transmitted agents, three may involve 

mosquitoes and the mechanism of transmission for the remaining three is un-

known. It is conceivable that the two group B bat agents (Batu Cave and 

Carey Is1and)have a mosquito cycle as postulated for the related B bat agent 

Jugra (same bats); on the other hand, their isolation from salivary glands is 

sufficiently troublesome to suggest they probably are not arboviruses. 

The evidence for Jugra and Avalon is a bit stronger than for the other 

viruses. Jugra was isolated from the blood of a bat in addition to the mos

quito (Aedes) isolate from the same locality as well as from Uranotaenia 

mosquitoes from another locality. Avalon virus was recovered from 3 pools 

of ticks, nymphs, adult females and adult males; the latter is significant 

as the male Ixodes uriae does not take blood so its infection must stem either 

from transovarian transmission of virus or else infection acquired as a feed

ing larva or nymph. Avalon virus was also recovered from the blood of a 

naturally infected gull chick. C10 Mor virus (also from Ixodes uriae ticks) 

produced a viremia in baby ~ice when inoculated intraneritonea1ly as well as 

subcutaneously. 

(Thomas H.G. Aitken) 
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REPORT FROM THE DEPARTMENT OF MICROBIOLOGY, 
UNIVERSITY OF MELBOURNE, 

VICTORIA, AUSTRALIA • 

1. Laboratory Studies with Mapputta Group Viruses' 

By electron microscopy of thin sections of infected mouse 
brain or Vero cell cultures, it was shown that Mapputta (MAP). 
Trubanaman (TRU) and Maprik (MPK) were typically like 
Bunyamwera virus in morphology and morphogenesis. Since 
they do not serologically belong in the Bunyamwera Supergroup, 
they m11st be described as Bunyavirus -like. Studies were under
taken to evaluate their suitability as laboratory models for bio
chemical studies of this type of virus. 

In Vero cell cultures, growth curves showed that MAP virus 
grew to the highest titre (0.5-1 x 10 7 pfu/ml. released at 45 hr.) 
but the plaques were small (0.5-1 mm.) and difficult to count 
even after 4-5 days incubation. TRU virus produced easily 
countable plaques, mostly 2-6 mm. diameter, at 4 days. 
Despite this fact, in cultures infected at multiplicities between 
0.2 and 1.0 pfu/cell maximum yields were about 1 x 10 6 pfu/ml. 
at 48 hrs., and yields decreased with increase in multiplicity 
of infection. 

Growth of TRU virus was not inhibited in the presence of 
O. 1 tJ. g Iml. actinomycin D or of 10 -4 M 5 - bromodeoxyuridine, 
showing that the viral genome is RNA. A purification procedure 
involving centrifugation through a zone of 30% w/w sucrose on to 
a cushion of 60% w/w sucrose was worked out, but yields were 
too low for chemical studies. At pH 7.6 the heat stability was 
moderate (half life about 5 hr. at 370

) but infectivity was 
extremely labile below pH 7. The sedimentation coefficient of 
TRU vi~us, measured in a 5-20% w/w sucrose gradient, was 
5705. 
(Lisbeth Ann Bowles and Ian H. Holmes.) 
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2. Morphological and Chemical Studies on Orbiviruses 

Two relatively new orbiviruses isolated by Dr 1. D. Marshall, 
Canberra, were studied by electron microscopy. They were 
Japanaut virus, from Papua New Guinea and Tilligerry virus, 
from Nelson Bay, New South Wales, Australia (not yet catalogued). 
Intracytoplasmic inclusions produced by Tilligerry virus contained 
striated structures apparently composed of parallel sheets. These 
resembled, but may not be identical to those observed in cells 
infected with Kemerovo group viruses. 

D'Aguilar (DAG) and Eubenangee (EUB) viruses were 
purified and analysed by polyacrylamide gel electrophoresis. 
Because of the yields and behaviour during purification, DAG 
was much easier to handle than EUB virus. Nevertheless it was 
possible to show that each contained 10 segments of double stranded 
RNA, with molecular weight distribution quite distinct from that of 
reovirus. The gel patterns obtained with DAG and EUB virus RNAs 
were similar overall, but diverging in the low molecular weight 
region. 

Purified DAG virus yielded 8 polypeptide bands, of which 
two were enhanced in preparations from sucrose gradients, hut 
almost disappeared after an equilibrium centrifugation (density 1.36) 
in caesium chloride. By analogy with Bluetongue virus, this 
suggests that the variable two are outer shell polypeptides, and 
the other 6 form a more stable virus core. 
(Roger D. Schnagl and Ian H. Holmes.) 
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REPORT FROM THE VIRUS LABORATORY, DEPARTMENT OF VETERINARY PREVENTIVE 
MEDICINE, UNIVERSITY OF QUEENSLAND, BRISBANE, AUSTRALIA 

Bovine ephemeral fever virus. 

1. Production of experimental vaccines. 

Two types of attenuated vaccines have been used 
to vaccinate housed cattle, which are then experimentally 
challenged with virulent virus, am to vaccinate cattle 
exposed in the field to natural challenge. The first 
vaccine was made from the brains of suckling mice infected 
with the 525 strain of bovine ephemeral fever virus and 
the second from cultures of Vero cells infected with the 
919 strain. Both vaccines can be lyophilised, and both 
are mixed with aluminium hydroxide adjuvant immediately 
before inoculation. After two vaccinations neutralising 
antibodies have persisted for at least 8 months, and in 
some animals for longer than 15 months. Vaccinated animals 
developed no clinical disease when inoculated intravenously 
with virulent virus. 

Cattle in two herds were exposed to natural 
infection 7 months after vaccination with mouse-brain 
virus. Eight of 11 control animals developed clinical 
disease, as did 3 of 26 vaccinated animals. Clinical 
bovine ephemeral fever has not yet occurred in any of the 
herds receiving cell culture vaccine. 

Pathogenesis of bovine ephemeral fever. 

Six pregnant heifers lacking neutralising 
antibody to bovine ephemeral fever virus were inoculated 
with virulent bovine ephemeral fever virus. All heifers 
developed clinical disease, and all subsequently produced 
normal calves. Foetuses of immune cows were inoculated 
with bovine ephemeral fever virus. There was no apparent 
effect on tre foetuses, and one calf, inoculated after 
160 days of gestation, had neutralising antibody to 
bovine ephemeral fever virus in precolostral serum. 

Newborn colostrum-deprived calves developed 
clinical ephemeral fever when inoculated with avirulent 
bovine ephemeral fever virus. Calves that had received 
colostrum resisted infection, even when the colostrum 
contained no neutralising antibody to ephemeral fever 
virus. The 525 strain produced fatal encephalitis in calves 

65 



that were inoculated by the intracerebral route. 
Calves 2 months of age reRisted intravenous challenge 
with virulent virus, but calves 4 months of age were 
fully susceptible. 

Field strains of low pathogenicity. 

During vaccine trials, it appeared that field 
strains of ephemeral fever virus of low pathogenicity were 
circulating. Some control cattle were developing 
neutralising antibody in the absence of obvious clinical 
disease. Two strains of virus, L73/1 and 461 were 
isolated from the blood of cattle with very mild clinical 
signs of ephemeral fever. The L73/l strain was used to 
inoculate 14 susceptible calves. Four calves developed 
mild clinical signs of ephemeral fever after 7 to 10 days, 
and 10 remained clinically normal. Only 7 of the calves 
developed neutralising antibody. One of 2 calves 
inoculated with the 461 virus developed mild ephemeral 
fever, but both developed antibodies. 

(P. Spradbrow and S. Tzipori) 
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REPORT FROM THE VIROLOGY DEPARTMENT, 
SCHOOL OF TROPICAL MEDICINE, CALCUTTA 

INDIA' 

Serological conversion for dengue and cbikungunya infectiom in tbe 
boarders of two hostels in Calcutta • 

. 
To know ~he dengue and cbikungunya infection rates, 160 boarders of 
two hostels in Calcutta were bled in 1964, 135 in 1965, 118 in 1968 
and 77 in 1969. Tbe number of boarders Common in 1964-65 and in 
1968-69 were 47 and 28 respectively. On the basis of serological 
conversion in the latter groups , cbikungunya infection rate was 
21.3% in 1964-65 and 14.2% in 1968-69. The 1964-65 sera were not 
available for testing for Gr. B antibodies and the de~gue infection 
rate in 1968-69 sera was 21.4%. Of the 14 subjects, showing serolo
gical conversion to chikungunya, 5 did not give any history of fever, 
in~jo~tine th~ p~9sibility ~! in~pparcr.t infcctivn. Gimilarl~, uu~ 

of 6 subjects with conversion of Gr. B antibodies, one did not give 
history of fever. Thus it seems that, based on the bistory alone, 
(wbicb is not always reliable) inapparent infection by dengue and 
cbikungunya is possihle. 

(K.K.Mukherjee, S.K.Cbakravarty, J.K.Sarkar, M.S.Cbakravarty, S.Roy, 
B.C.Das, A.Mitra) 
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REPORT FROM THE NATIONAL HEALTH LABORATORY 
RANGOON, BURMA 

Japanese encephalitis in Burma. 

In July 1974, an outbreak of encephalitis occurred in Tachi1eik Township 
in the southeastern part of the Union of Burma. During the period between 
July 11 and August 7, five cases were hospitalized in Tachi1eik. The patients 
developed high fever, severe headache, neck rigidity, disorientation and 
sensorial changes, twitching of muscles, aphasia, coma and death. Most of 
the cases had CSF under pressure. Four of the cases were children under 11 
years of age; the other patient was 30 years old. Three were males and two 
were females. Four came from rural villages and one from the town. Four 
died before their blood samples could be collected. Convalescent serum from 
the only survivor (a male of 7 years) showed an HI titer of 1/640 for JE. 
N antibody tests (done in the Department of Tropical Medicine and Medical 
Microbiology, University of Hawaii, Honolulu, USA by Dr. S.B. Halstead) showed 
a titer of 1/80 on this same serum. Eight sera collected from contact cases 
had no detectable antibodies to either JE or dengue. Investigations confirmed 
the presence of Culex tritaeniorhynchus 1n the affected township. 

Clinical findings, together with the epidemiological situation (an out
break of JE reported in Chiang Mai Valley of Thailand, bordering the affected 
township) and positive JE antibodies of the sole surviver. suggests the 
occurrence of JE in Burma. This is the first recognition of JE in Burma. 

Dengue haemorrhagic fever in Burma, 1974. 

In January 1974, an epidemic of febrile diseases commenced, presenting 
with one or a mixture of manifestations like rash, bone and joint pains, cough, 
vomiting and lymphadenopathy. A considerable number of cases also had 
haemorrhagic manifestations and some went into dengue shock syndrome. The 
peak of the epidemic was in August and September, and the epidemic lasted 
until December 1974. The majority of the cases were from Rangoon, and very 
few were from districts. Most of the cases were from the 1 to 10 year age 
group. 

From Rangoon, 1576 paired sera and 86 convalescent sera were examined by 
the HI test for dengue and chikungunya antibodies. From the paired sera, 318 
(20.1%) were positive for dengue, 107 (6.7%) were positive for chikungunya and 
57 (3.6%) were positive for both dengue and chikungunya. Single sera were 
tested only with dengue and 30 (35.2%) were found to 'be positive. 

From the districts, 23 paired and 13 unpaired sera were tested for in
fection with the above-mentioned viruses. From the paired sera, 9 (39.1%) 
were positive for dengue, 1 positive for chikungunya and 1 positive for 
dengue and chikungunya mixed infection. From unpaired sera only one was 
positive for dengue. 
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In 1971, we had an outbreak of febrile diseases with some haemorrhagic 
manifestations which were serologically proved to be caused by influenza A. 
This has prompted us to test the negative sera for dengue and chikungunya 
viruses with influenza viruses. From 507 paired sera tested, 138 (27.2%) 
were positive with influenza A and 86 (16.9%) with influenza B viruses. 

From the above it may be concluded that the epidem~c was caused by dengue 
viruses. 

(Than Swe and Soe Thein) 
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REPORT FROM THE SEATO MEDICAL RESEARCH LABORATORY 
BANGKOK, THAILAND 

I. Dengue hemorrhagic fever (DHF) and shock syndromes (DSS): immunological 
evidence for primary dengue infections in younger children 

Serum IgM antibody generally appears after the first infection with 
dengue virus but not after a second dengue infection. Thus in dengue fever 
outbreaks, IgM antibody to dengue has been detected in serum of persons 
having uncomplicated fever and serological patterns diagnostic of primary, 
or first dengue infections. By contrast, IgM anti-dengue antibody has 
not been detected in persons who develop DHF; these persons mostly have 
HAl serological patterns diagnostic of secondary dengue infections. We • 
studied 4 patients admitted to Bangkok Children's Hospital in 1971 with 
clinically confirmed OHF or DSS. These 4 children were 4 to 6 months old 
and, unlike most OHF patients, had HAl serological patterns consistent with 
primary dengue infections. Dengue-2 virus was isolated from one child who 
developed severe OSS. A description of this patient (No. 26) was published 
in the Bulletin of the WHO~ vol. 48, 117, 1973. Serum complement (C3) 
levels were measured in this child and in one patient with DHF~ and the levels 
were abnormally low. All 4 patients developed detectable IgM antibody to 
dengue,4 to 14 days after the onset of illness. This antibody was hetero
specific and cross-reacted by HAl with one or more of the 4 dengue serotypes 
and with Japanese encephalitis virus antigens. Two of 5 primary dengue 
fever patients from Koh Samui, Thailand also developed heterospecific IgM 
antibody. There is no clear explanation for the occurrence of hetero
specific IgM dengue antibody in Thailand. Human IgM antibody found in other 
group B arbovirus infections and in New World dengue fever has found to be 
monospecific for the infecting virus serotype. Nevertheless, we believe 
the appearance of IgM antibody to dengue, irrespective of its specificity~ 
confirms the routine serological diagnosis of a first dengue infection, and 
thus supports the contention that Asian patients under the age of one year 
can develop DHF or DSS after a primary dengue infection. 

(Robert Edelman, Anong Pariyanonda) 

II. Evaluation of the plasma kinin system in dengue hemorrhagic fever 

Clinical, laboratory and postmortem observations suggest that humoral 
mediators may play a role in causing the hypovolemia and shock that occurs 
in severe dengue hemorrhagic fever (DHF). There is circumstantial evidence 
that the plasma kinin system, in addition to the complement system, may 
playa role in OHF. We studied the plasma kinin system in patients with 
DHF by simultaneously measuring factor XII (Hageman Factor)~ prekallikrein, 
Kallikrein inhibitors, bradykinin, and complement in the blood of Thai 
children with OHF and other acute febrile illnesses. The activities of 
Factor XII, prekallikrein and Kallikrein inhibitors were measured using 
functional enzymatic assays. Bradykinin concentrations were measured by 
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radioimmunoassay. Prekallikrein, factor XII and C3 levels were significantly 
lower in DHF patients compared to other febrile patients; the mean lowest 
levels were found in dengue patients with shock. However, bradykinin 
concentrations were not elevated and the mean activity levels of Kallikrein 
inhibitors were not depressed in dengue patients. Two DHF patients were 
studied 3 and 5 days before they developed shock; both patients had low 
prekallikrein and factor XII levels on hospital admission which were rising 
to normal levels when they went into shock. By contrast, their C3 levels 
were normal on admission, but began to fall just before the onset of shock. 
Taken together, these results fail to provide convincing evidence for 
activation of the plasma kinin system leading to free bradykinin or a 
significant role for bradykinin in the immune-pathogenesis of DHF. The 

• results do refocus attention on complement as a potentially important humoral 
mediator of the dengue shock syndrome. 

• (Robert Edelman and Franklin H. Top, Jr., SEATO Med Lab; Suchitra Nimmannitya, 
Bangkok Children's Hospital; Robert W. Colman and Richard Talamo, Harvard 
Medical School.) 

III. Evidence of dengue virus cross-protection against Japanese encephalitis 
in Thai patients 

Epidemiological studies in Guam, Thailand and Florida suggest that 
dengue virus infections partially protect against the development of symptoms 
of encephalitis in persons subsequently infected by Japanese encephalitis 
or St. Louis encephalitis viruses. In order to determine if prior dengue 
virus infection reduces the severity of Japanese encephalitis (JE), we 
examined 127 patients hospitalized during the 1970 JE epidemic in the 
Chiangmai and Lampang Valleys of northern Thailand. Patients were studied 
during the first 30 days after onset of JE; 120 of these patients were 
examined one year later for residual sequelae. About 21% of patients had 
serological evidence of a prior dengue virus infection. Morbidity and 
mortality in patients with and without prior dengue virus experience were 
compared. These comparisons were made within two age groups « 10 years 
and S 11 years) to exclude differences due to age alone. Death occurred in 
7% of dengue-positive and in 19% of dengue-negative patients. During the 
first 30 days significantly fewer dengue-positive survivors had convulsions 
or abnormal muscle tone, and they also tended to have less coma, motor 
paralysis, tremor, ataxia and abnormal electroencephalograms compared to 
dengue-negative patients; the mean numbers of abnormal neurological signs 
observed in dengue-positive and - negative patients were 1.B and 2.5, 
respectively (p<0.005). By one year both groups of patients had shown 
considerable recovery, but dengue-positive again had significantly fewer 
neurological residua. These results suggest that prior dengue infection 
moderately reduces the morbidity, and possibly the mortality, of persons 

• hospitalized with Japanese encephalitis. 
/ 

(Rob~rt Edelman and Robert J. Schneider, SEATO Med Lab; Pien Chieowanich 
and Rungsri Pornpibul, Chiangmai University; Prathan Voodhikul, McCormick 
Hospital.) 
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IV. Long-term persistence of JEV IsM antibody after Japanese encephalitis 

Increased amounts of virus-specific IgM antibody have been reported 
in human serum during the acute phase of many virus diseases, with a rapid 
return of IgM to normal levels within 60 to 90 days after onset in most 
patients. In a few patients the virus-specific IgM antibody levels were 
still raised after 3 months to 2 years; many of these patients suffered 
late clinical sequelae, consistent with the current immunological theory 
that persistent virus-specific IgM antibody is the result of a continuing 
virus stimulus. Japanese investigators report that anti-JEV HAl antibody 
has been found in the cerebral-spinal fluid of JE patients having long-term 
clinical sequelae following their acute illness, and "continuing active 
inflammation" of the brain has been reported at autopsy of some Japanese 
patients many years after their acute illness (Professors Goto, Shiraki, 
and Ishii). 

We have searched for evidence of a chronic JE infection in Thai 
patients convalescing from acute JE. These patients, hospitalized in 
Chiangmai and Lampang Valleys of northern Thailand in 1970, were evaluated 
for the presence or absence of 7 abnormal neurological signs and bled at 
intervals for 1 to 2 years. Sixty-five of 100 JE patients were tested 
for JEV-specific IgM antibody; 41 were IgM positive. In 6 patients, 
specific IgM was detected in sera obtained more than 3 months after the 
onset of illness, on days 116, 121, 155, 218, 320, and 420. Neurological 
sequelae were compared between the 6 persons with persisting IgM and 94 
other (control) patients. Despite the small number of long-term IgM 
patients, the composition of the 2 groups closely resembled each-other 
in terms of age, sex, and prior dengue infections. 

The 6 patients seemed to have an unusually severe acute clinical 
course. They developed significantly more abnormal neurological signs 
than the control group of patients during the first 30 days; the mean 
number (± SD) of abnormal signs per patient for the IgM and control groups 
was 3.8 + 0.8 and 2.3 + 1.3, respectively (P<.01). After one year both 
groups showed consider~ble recovery, but the long-term IgM patients still 
had significantly more abnormal neurological signs than controls (1.3 ± 
0.8 versus 0.6 + 1.1 (P<.01»; neurological sequelae were detected in 
80% of IgM patients but in only 29% of control patients (P<.025). However, 
the rate of recovery (loss of abnormal neurological signs) in the IgM 
patients was equal to or slightly greater than, recovery in controls 
over the first convalescent year. The long term IgM group was reexamined 
at 2 years and they showed no residual neurological impairment. Lumbar 
punctures were not performed at 1 year, but they were done at the 2 year 
follow-up exam in the 6 IgM patients. The cerebral spinal fluids contained 
normal cellular, protein, and immunoglobulin concentrations. No IgM 
immunoglobulin was detected in the CSF using the sensitive electro
immunodiffusion technique. HAl antibody to dengue or JEV was found in 
several CSF specimens from IgM patients, but the titers were low <s 1:8) 
and did not differ from 12 Thai patients who had other neurological 
diseases. We have thus been unable to find evidence of a continuing clinical 
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or subclinical JEV infection two years after the onset of Japanese enceph
alitis in 6 patients with persistent IgM antibody. The severe acute illness 
and the relatively rapid rate of recovery in these patients suggests that 
IgM persistence may be related to the virulence of the acute infection rather 
than to any possible chronicity of the infectious process. 

(Robert Edelman, Robert J. Schneider, Athasit Vejjajiva, Rungrsi Pornpibul, 
Prathan Voodhikul) 
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REPORT FROM THE DEPAR~lENT OF MICROBIOLOGY 
KOBE mUVERSITY SCHOOL OF m.IDIClNE, KOBE, JAPAN 

Interferon Induotion by Rioe Dwarf Virus IDJA and Its Antiviral Aotivity 

!,tiainst Certain Arbovirus Infeotiuns. 

Double-stranded roTA extraoted from purified rioe dwarf virus (RDV) 

has been shown to be highly aotive in induoing interferou (IF) produotion. 

In addition, IF induoing oapaoity of RDV-RNA was more resistant to some 

hydrolytio enzymes or physioal agents suoh as heat and UV-irradiation, as 

oompared to polyriboinosinic-polyribocytidylic aoid (Poly I:C). Higher 

host-resi.tance to CHIK virus infection was obtained in chiok embryo (CE) 

or rabbit kidney (RIC 13) oe11s exposed to RDV-RNA compared to Poly I:C. 

Antiviral activity of the IF induced by RDV-RNA was approximately equivalent , 
to that Poly I:C in RIC oells. The highest activities by both m~A inducers 

were shown in CE and RIC cells while no IF production could be induoed in 

BHK-2l and ~ albopictus cells. On the other hand, a signifioant 

reduction in mortality was observed in mice infected intraperitoneally with 

about 103 x LD50 of in~ virus when a single dose of aDV-&~A (2.5 to 10 mg/kg) 

was given 3 to 24 hours prior to the virus challenge. The protective 

effects by RDV-RNA treatment against WEE infection in mice were signifi

cantly higher than those by Poly I:C of the same dose administered 

intraperitoneally. 

Referenoes : 

1. Takehara, M. et al. : Studies on interferon production and 

antiviral aotivity by rice dwarf viru8 IDIA. Abstraots, 22nd 

Annual Meeting, Society of Japanese Virologists, pp. 3025, 

1974. 

2. Takehara, 1·1. : Interferon inducing capacity and antiviral 

aotion of double-stranded RNA from rice dwarf virus in vitro. 

Kobe J. Med. Sci. Vol. 21, No.1, 1975 (in press). 
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Interferon Production and Antiviral Activities Induced by Chikunr,unya 

and Dengue Virus Infections 

Interferon (IF) inducing ability of Chikunsunya (CHIK) and 

dengue (DEN) virus infections was comparatively studied using several 

mammalian and mosquito cell lines. IF production by CRIK was higher than 

those by DElJ in RK 13, mouse L and LLC-~OC2 cells. Righest antiviral 

activity of the IF was shown in RK cells, whereas no IF production was 

induced either by CRIK or DEN in BHK-2l and Aedes albopictus cells • 

The IF inducing capacity of both viruses heated at 56°C for 15 minutes or 

irradiated with UV for 3 minutes was markedly reduced. The IF inducing 

capacity of CRIK-RNA extracted from the infected cells was generally 

higher than that of DEN-RNA, but its activity was significantly lower than 

that by infection of aotive CRIK virus. Cellular RNA and protein syntheses 

in RK oells were markedly inhibited by infection with CRIK virus, while 

D~f virus infeotion did not result in a clear suppression of macromoleoular 

syntheses in the host cells. 

Referenoe : 

Takehara, M. : Studies on interferon induction and antiviral 

aotivity by oertain arboviruses. Kobe J. Med. Sci. Vol. 21, 

No.1, 1915 (in press) • 
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Further 'IRerilPnts on the mioroculture plague formation techniques 

for stoup B arboviru!e •• 

The teohniques de.oribed previously for PEN-1 virus (N. Fujita, 

et al., Arboviru Info-Exchange, No. 27, September 1974, p. 145; 

Proc. Soc. Exp. Biol. & Med. 14a, 472, 1975) have been sucoessful~ 

applied to yellow fever viru.. Easily countable plaques (about 1 mm 

in diameter) can be produced 5-6 d~s after inooulation of 17D strain 

virus. Virus neutralization tests by use of "pige;y back" transfer

plates are also feasible. 

By using a microtiter plate sealer (Cooke Engineering Co.). 

inatead of a plastic lid, the cultures can be inocubated in an 

ordinary incubator without any CO2 aeration devioe. Subs·titution 

of 4-(2-hydroxyethyl)-1-piperazineethane sulfonic acid (HEPES) buffer 

for bicarbonate is applicable. but plaque sizes produced under the 

HEPES medium appear to be smaller than those produced in the medium 

without HEPES. 

The microculture plaque method is simple and easy to perform 

and can be applied to oertain representative group B arboviruses 

for titration and neutralization. 

(N. Fujita and M. Yamamoto) 
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Produotion of Inoomp1ete Ch~a Viru8 in BHK-2l Cells Cultivated with 

Low Ionio Strength Media 

FUrther aspeots of the meohani8m underlying the phenomenon that the 

produotion of Ch~(CHllC) virus in BHIC..Ql oells 'IfB:B inhibited by 

lowering the sodium oh10ride oonoentrations of the culture media. were 

investigated. Thin-seotioned oe11s direotly fixed with glutaraldehyde 

either in 10w(L) or norma1(N) ionio strength phosphate buffer solutions 

were ezamined eleotron miorosoopioally. Viral partio1es oonoentrated from 

L or N-oulture fluids were observed by the negative staining method. 

Morpho10gioal features noted in the L-oultures were. (1) Inhibition of the 

virus budding prooess and the aggregation of the viral oores beneath the 

oell membrane; (2) preoipitation of apparently immature viral partioles 

attached to the surface of the membrane. and (3) release of less infeotious. 

irregular partioles whioh oould not be seen in oontro1 non-infeoted samples. 

The inoompleteness of the virus produoed in the L-oultures was oonfirmed in 

experiments in whioh it was shown that the ratio of speoifio activity of 

the 3H-uridine labeled fraction to infeotivity- was higher in the L-medium 

samples than in the N-medium samples. These data suggest that the inhibitor;y 

effeot of low ionio strength upon virus produotion is due to an abortion of 

the envelopment of the viral oores that results in the release of less 

infeotious. ino~mplete viral partioles. 

Referenoe: 

lataumura. T.. and Hotta, S. I Production of inoomplete ohikungunya virus 

from oells cultivated with low ionio strength media. Proo. 1st. Inter

national Congress ot Interseotional Assooiation ot Microbiologioal Sooieties. 

University of Tokyo Press. Vol. II. 1975 • 

(Matsumura. T., Shiraki, K. and Botta, S.) 

( Susumu Hotta ) 77 



REPORT FROM DEPARTMENT OF VIRUS ECOLOGY, THE D.I. IVANOVSKY INSTITUTE 
OF VIROLOGY, ACADEMY OF MEDICAL SCIENCE, MOSCOW, USSR 

Some results of the work carried out in 1973 are communicated. Atten
tion was largely focused on examination of ticks (Table 1) as in previous 
years. We examined 63802 ticks of 10 genera and 29 species collected in the 
European part of the country, the Caucasus, Central Asia, Siberia and the 
Far East. 102 isolates are under study to date. Virus strains isolated 
during previous years are being studied and identified. 

In 1972 Ornithodoros papi11ipes ticks collected in the vicinity of 
Karshi (Uzbekistan) yielded 3 identical strains (prototype LEIV-2247 Uz) 
antigenica11y related to group B. LEIV 2247 Uz is most closely related anti
genically to West Nile virus but possesses unilateral relations. The virus 
which was given a name "Karshi" appears to be a new group B virus. Karshi 
virus has been forwarded to YARU (USA) for confirmation of identification. 

In Turkmenistan Hyalomma asiaticum ticks yielded 5 strains of virus 
antigenically similar to Wad Medani virus of the Kemerovo group. Confirma
tory identification of the prototype strain (LEIV-2534 Tur) is being carried 
out in YARU (USA). 

In the north of the European part of the USSR, Murmansk province, 16 
strains of Okhotskiy virus (Kemerovo group) were isolated from Ixodes putus 
ticks; Okhotskiy virus was first isolated in 1971 from this same tick species 
in the Far East. 

Studies on the ecology of Baku virus (Kemerovo group) isolated from 
Ornithodoros capensis ticks collected in a colony of Larus argentatus in 
Azerbaijan in 1971 were continued. Two strains of this virus~ave been iso
lated from O. coniceps ticks from the nests of wild doves (Columbia livia) in 
Uzbekistan as well as from the same tick species collected at the nesting 
grounds of Larus argentatus (2 strains) and Sterna hirundo (2 strains) in 
Turkmenistan on the eastern littoral of the Caspian sea. 

In Turkmenistan we isolated a strain of West Nile virus from Hyalomma 
detritum ticks as well as a strain of CHF virus from H. asiaticum. 

In Azerbaijan, foci of CHF-Congo (isolated from ~. plumbeum and 
Rhipicephalus bursa ticks) were discovered for the first time and found to be 
associated with cattle. 

In Armenia, strains of Bhanja virus were isolated from Dermacentor 
marginatus and also in Kirghizia from H. plumbeum. 

Tahyna virus was isolated from Culex pipiens mosquitoes collected in 
Tajikistan. This is the second time this virus has been isolated in the USSR 
(the first isolation was in Azerbaijan).. 
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The laboratory now has reference mouse 
80 arboviruses, mainly tick-borne, as shown 

(D.K. Lvov) 
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TABLE 1. EXAMINATION OF TICKS IN 1973 
(The numerator is the number of ticks examined; the denominator is the number of isolated ticks.) 

JSU)lIlUTION (N TIOKS IN 1973 

(the numerator is the number or ticks examined. the denominator 1s 
the number of isolated strains) 
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Table 2 

A LIST Ol!' IMMUNE SERA AND IAFs PREPARED IN THE LABORATORY 

OF TIlE EOOLOGY OF ARBOVIRUSEB 

============~=~~;~~===================================~=================== Name of t~e group: S e rum 
---------.~-----------------------------------------------------------Ungrouped 

Turlock 
Group A 
Simbu 

Buayamwera 
Hughes 
Conga 
Group B 
mosquito-borne 
Kemerovo 
Kemerovo 

Bakau 
Ganjam 
Kaisodi 
Uukuniemi 

Qalyub 
Quaranfil 
GrouE B 
(tic -borne) 

Oolorado ticlt fever, Lone Star, Uatucare, Togoto, 
Nyamanini, Bhanja, DGK: Dhori, Wanowrie, Hpolu, 
A-279 (Uukuniemi), A-63 (Caspiy), Batken1 Issylt-Kul 
(K-315, K-424), P-776, P-113, Sakhalin (,1c), Uz 858, 
Sawgrass, Uz 2247% 0 22681 Uz 1308, Uz 1577, 
Oita, K-760, Uz 1j11, A 2j73 
Turlock, Umbre 
Sindbis, Getah 
Aino, Akabane, Sabo, Bango, Satuperi, Simbu, 
Jaba-7, Samford 
Batai, Bunyamwera, Shokwe 
Hughes 
Oongo, Xazara 
Japanese encephalitis t Saint Louis, West Nile (Africa)', 
West Nile (India) 
Kemerovo, Chenuda 
Tribec1 Punta-Salinas, Wad Medani, (A-46) Baku, 
(Ka-28,) Akhotskiy 
Bakau 
Dugbe 
Kaisodi, Lanjan, Silverwater 
Uukuniemi, Grand Arbaud, (Ka 271) Zali v Terpeniya 
(1470-M) 
Qalyub, Bandia 
0-5502 
Powassan, Lonping ill~ tick-borne encephalitis, KFD, 
Langat, Kadam. (,K-400) Sokuluk, (6c) TyuJ.eniy 
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N!lPoltr Fl\OM mE DEPAlttMENT OF VIROLOGY, UNIVERSITY OF 
HELSINKI, HELSINKI, FINLAND 

Molecular virology of the Uukuniemi virus. 

Two glycosylated envelope proteins could be separated from 
themselves in a 15% polyacrylamidegel-electrophoresis. Inter
nal ribonucleoprotein was released with Triton X 100 and anal
yzed on sucrose gradients. Three species of RNP sedimenting 
at 140-150 S, 105-120 Sand 85-90 S could be separated. 
All of them contained the Same ratio of core polypeptide 
(m.w~ 25 000 daltons) to RNA. Electron microscopy using 
rotatory shadowing showed that all three species were circular. 
Free ends were rarely seen. Measurements of the strands re
vealed three distinct length classes of about 2.8 urn, 1.4 um 
and 0.7 urn. In polyacrylalli.degel-electrophoresis tbe 1argest 
RNt> contained the L RNAf th8 IDediUID-Rized RNP the ]\1 RNA and 
the smallest RNP the S RNA. 

(Ralf Filip Pettersson) 

Tick-borne viruses in seabird colonies. 

A field team maoe a three-day visit in July,1974, in 
the bird islands of Rost, Lofoten, Norway. 1812 samples 
of Ixodes uriae (=putus) were collected from rock crevices, 
most of them engorged nymphs and larvae. After moult, ticks 
were divided in pools and processed for isolation. The 196 
pools yielded some 60 isolates, which are under typing with 
the aid of immune ascites fluids kindly sent by Dr. A. Main, 
Y.A.R.U. So far twelve orbiviruses of the Kemerovo group have 
been identified. 

(P. Saikku,M. Brummer, I.Ulmanen) 
References: 

Pettersson RF, vonBonsdorff C-Ho The ribonucleoproteins 
of Uukuniemi virus are circular. J. virology (in press) 
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REPOrtT FROlVI THE ARBOVIRUS UNIT, LONDON SChOOL OF HYGI~NE 

AND TROPICAL HEDICINE 

Virus isolation studies dre continuing on material collected 

by the l'·.edlcal Research Council Project, Kisumu. Kenya. ?i ve 

strains of a virus. provisionally ide~itified as Pongola have 

been isolated from pools of Eansonia uniformis collected in CDC

type light traps in and around houses on the Kana Plain and on the 

Ahero Ricefields. A single strain of Sindbis virus has been 

isolated from a pool of Anopheles gambiae. Six strains of a virus 

closely resemblIng Ilesha virus were isolated from three pools of 

M. uniformis, two pools of A. gambiae and a single pool of 

Anopheles funestus. A strain of Ilesha virus has also been 

isolated from a liver/spleen suspension of a rodent (Aethomys 

kaiseri). Two further isolates obtained from pools of A. funestus 

and Culex antennatus respectively have not yet been identified. 

'fwo strains of a rhabdovirus, Barur, were isolated from a pool 

of Ill. uniformis and from a mixed pool of unidentified fleas taken 

off several shrews (crocidura spp). 11 additional isolates, none 

of which has yet been identified, have been made from tissues taken 

from a bird (Lanius collaris) and from a variety of small mammals 

including Aethomys kaiseri, Arvicanthis abyssinicus, Pelomys fallax 

and Otomys species. No human or tick isolates have yet been 

obtained. 

Work is under way to identify two virus strains isolated from 

ticks identified as Ornithodoros maritimus which were collected on 

Puffin Island· near Anglesey, North i'iales. The ticks were found in 

or around nests of herring gulls, Larus argentatus. No virus was 

isolated from blood samples taken from 81 juvenile herring gulls 

and shags Phalacrocorax aristotelis. 

• A third virus strain was isolated from ticks found in a 

• 
kittiwake, nissa trydactyla, colony at st Abb's head, Berwick . 
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REPORT FROM THE PRINCE LEOPOLD INSTITUTE OF TROPICAL MEDICINE 
ANTWERP, BELGIUM 

Replication of arboviruses in mouse organ cultures. 

With the purpose of obtaining information on the pathogenesis of experi
mental arbovirus infection, studies were performed on mouse organ cultures. 
Small fragments of mouse organs, dipped in a virus suspension and rinsed 
several times, were placed in contact with tissue culture medium and examined 
at different time intervals for the appearance of virus. 

Midde1burg, Sem1iki Forest (virulent and avirulent strains) and WEE 
viruses were used, and compared with EMC virus. 

The most important results can be summarized as follows: 

1. Functional organ cultures can be initiated from animals aged 0-3 
weeks, and will remain viable, by the method used, for 7-8 days. 

2. Skeletal muscle tissue is the most important multiplication site for 
arboviruses; it can be taken from mice aged 0-3 weeks. 

3. Viruses whose lethal effect is limited to young mice multiply in 
organs cultured in vitro from somewhat older animals; for example, MBL (large 
plaque variant of Midde1burg virus) does not kill mice older than 4-5 days 
but will multiply in muscle and brain taken from mice up to the age of 10-16 
days. Viruses whose lethal effect extends to adult age will multiply in organ 
tissue cultures taken from animals up to 21 days old. This indicates that in 
the intact animal the age dependent susceptibility for arboviruses is deter
mined by intrinsic organ specificity and host defense mechanisms. 

4. The parallelism in host-parasite relationship between the intact 
animal and in vitro cultured organs is further illustrated by the comparison 
between MBL and S (small) plaque virus: the latter multiplies after a longer 
lag phase in vitro; in vivo, peak viremia titers also appear 24 hours later 
than after inoculation of the MBL variant. 

5. Avirulence of the avirulent SF virus strain used is due to a signifi
cantly lower neurotropism; its ability to multiply in organ-cultured brain 
was much less than that of the virulent strain. In muscle, however, the 
degree of multiplication of both strains was comparable. 

6. Virus mUltiplication was not observed in fragments of mouse peri
toneal wall tissue, whereas it was seen to occur in organ-cultured kidney 
tissue. Virus was not recovered from urine in intact animals. 

7. The arboviruses studied did not multiply in non-stimulated mouse 
peritoneal macrophage cultures, but Mengo (an enterovirus) did. 

8. Some arbovirus strains do multiply, however, in cultures of (peptone) 
stimulated mouse peritoneal macrophages. The difference observed between these 
two populations of macrophages deserves further study. 

(S. R. Pattyn), 84 
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REPORT FROM THE DEPARTMENT OF VIROLOGY, NEUROLOGY CLINIC 
UNIVERSITY OF COLOGNE, FEDERAL REPUBLIC OF GERMANY 

Isolation of TBE virus strains from Ixodes ricinus ticks in the Federal 
Republic of Germany. 

During May and June 1974 a total of 6998 ticks of the species Ixodes 
ricinus (L.) has been collected in Swabia and Bavaria in localities where 
central European encephalitis could be identified as a human disease. From 
the ticks, adults and nymphs, collected in these sites, 10 strains of TBE 
virus were isolated. After four IC passages in suckling mice the LD50 titer 
obtained was of the order of 8.4 to 9.5 log 10. All the strains showed a 
neutralizing reaction with a human convalescent serum. The minimum-infection 
index (MIl) in these three localities was for Muhringen, 0.23; Obernzell, 
2.05; and Jochenstein, 5.71. 

country and No.of ticks strain no.of 
Region ticks/pool NI 

MUhrin~en, 4177 N 98 40 N ~3.1 

district 
Freudenstadt, 
Baden-
WUrtemberg 

Obernzell z 1946 B 50 12 or! ~3.4 

district B 52 10 ~~ 4.3 
Passau, B 70 7 ~'f. + 6 ~~ 4.6 Bavaria 

B 74 5 ~~ + 13 6cf 4.2 

Jochensteinz 875 B 109 40 :tl ~4.0 

district B 115 50 N 3.9 
Passau, B 116 3 ~~ + 7 tt 3.8 
Bavaria 

B 117 3 ~~ + 7 ~6' 3.6 

B 118 40 N 3.5 

(R. Ackerman) 
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REPORT FROM WHO COLLABORATING CENTER FOR ARBOVIRUS REFERENCE AND RESEARCH 
INSTITUTE OF VIROLOGY, BRATISLAVA, CZECHOSLOVAKIA 

In the period of 1971-1973 106 greylag geese (Anaer anaer), 35 mallard 
ducks (Anas p1atyrhynchos) and 3 garganeys (Anas querquadu1a) were examined. 
Birds were usually netted; however, some of the ducks were shot. 

Birds for isolation purposes were bled into 1% heparin. Blood for anti
body assay of live birds was taken from vena a1ea and of shot birds by 
cardia1 puncture. Isolation attempts were performed in 2-to-3-day-01d 
suckling mice inoculated intracerebra11y (ic) with 0.01 m1 of blood diluted 
in Earle's solution containing 10% inactivated calf serum. 

Bird sera were tested for the presence of virus neutralizing (VN) anti
bodies against 100 CPD50 of Sindbis virus on 1-day-01d tube cultures of chick 
embryo cells and against 100 CPD50 of tick-borne encephalitis (TBE) virus, 
West Nile, Ca1ovo and Tahyna viruses in cloned PS porcine epithelial cells, 
in which culture they exert a cytopathic effect. 

All isolation attempts from the samples of 106 greylag geese, 35 mallards, 
and 3 garganeys were negative. 

Results of serological surveys are given in Table 1. From the 106 geese, 
VN antibodies against Sindbis were found in 15 trapped in Nesyt, Nova Ves and 
Bi1a Hurka localities, against Ca1ovo in 5 from Nesyt and Bi1a Hurka local
ities, and against Tahyna in 6 from Nesyt, Nova Ves and Bi1a Hurka localities. 
None had antibodies against TBE and West Nile viruses. 

From the 38 ducks, antibodies against Sindbis virus were detected in 
6 mallards and 1 garganey trapped in the locality of Rakaren-Ma1acky. Sera 
of some of the mallards also contained antibodies against other viruses as 
follows: 6, Ca10vo; 4, Tahyna; 2, TBE; and 1, West Nile. Among garganeys 
one serum reacted with Tahyna virus, another with TBE virus. 

Summarizing all these data from the bird or.der Anseriformes, VN anti
bodies were found in 15.2% against Sindbis virus, in 2.0% against TBE virus, 
in 0.7% a~ainst West Mile virus, in 11.1% against Ca1ovo virus and in 7.6% 
against Tahyna virus (Table 1). The VN antibody titers varied from 4 to 64. 

In migration, the Czechoslovak population of the greylag goose passes 
over the Czechoslovak territory directed to the north, and penetrates various 
distances into Scandinavia. Besides passing over Czechoslovakia or occasional 
wintering in our territory, two flyway directions of wild geese are recognized, 
south and southwest, with main wintering areas being in the Coto Donana region 
(at the mouth of Quada1quivir) or in North Africa in a limited area from East 
Algeria up to Tunisia. 

Migrating routes of the Czechoslovak population of mallard ducks are 
quite different. Areas to which they fly or from which they pass over 
Czechoslovakia are directed to the northeast. Mallards winter mainly at the 
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seaboard of the northeast Atlantic, in the western Mediterranean from 
Marseille through north Italy to Istria, only rarely to North Africa. Part 
of their population winters in Czechoslovak territory, in Austria, Hungary 
and Switzerland . 

(E. Ernek, O. Kozuch, J. Nosek, K. Hudec, C. Folk) 

Virus neutralizing Antibodies to Arboviruses in Birds of Order Anseriformes 
in Western Slovakia, South Moravia and South Bohemia 

Number of pos:' ~i ve 
:Bird species Number Locali ty 

Sindbis TBE V'IN ~alovo i1!shyns 
Nesyt 

Anser snser 22 3 · · 3 2' 8.6.1971 
/i.ioravi a/ 
Bila Hlirka 
11. 6.1071 

Anser sneer 19 2 · · 2 2 /Eo:1emia/ 

Nova. Vee 
Anser snser 12 2 · · · 1 5.6.1972 

/Moravia/ 

Aneer 53 8 1 
liesj"t 

sneer · · · 8.6.1973 

Totally I 106 15 · · 5 6 

r:.~ala.ck;)C 

Anas platyrhynchce 17 3 2 5 2 
'';i. Slcv:;kia · 25.8.1972 

:.:alacky 
Anss querquedula 3 1 1 · · 1 ';; . SLn"r:-.ki a . 25.a.l~72 

Ansa platyrlllnchoe 18 3 1 6 2 
;,:al",ck:f 

· l7.8.l:;?3 

Totally II 38 7 3 1 11 5 

Anseriformee I-lJ: 144 22 3 1. 16 11 
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1a!1d of ~IlmS8ry vrere continued durinc~ 1971 and 1972 

in collaboration with the Institute of Virolo~y SAS, 

Br8tlz18v8.o Sma1.1 mamrr.a1s '.'!ere trapped and tic::s rle:ce 
.. 

colJected in or0.er to ioo:! r;,te viruo in sl1clc1inC r:.ice. 
• 

of tvro vole r.dce, t:~·8,!.J'pGd in different places 0 

1Vl0 Uukuniemi Bnd three yet unirJ.entifiec. arbovirus 

ztI'2ins /cU.fferel1t from 1l :::m, "'.fr, UUK, TRB/ vrere isolated 

from Ixodes ricinus ticks col~ected in five different 

Sera of 70 resi~cnts ?nd those of 102 wild-living 

Snle.1J. mamrrLnls ':lere tested for p.ntibodies ar-;s.in:::t different 

rreJ.'e founc::. :Ln 12 .8j~ of the e7enlined human fJel'3 Clnd 

lo4.j proved to 1;8 posi'sive V!l1en oiL 8nti~en V/8.S aPP'.ied. 

to UUIC anti..r~en. 

.. 
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REPORT FROM THE ANDRIJA STAMPAR SCHOOL OF PUBLIC HEALTH, MEDICAL FACULTY 
UNIVERSITY OF ZAGREB, ZAGREB, YUGOSLAVIA 

Isolation of Bhanja Virus 

HI antibodies to WN and TBE viruses have been found in certain 
regions of Croatia, especially in the Adriatic. We therefore 
decided to repeat our attempts to isolate these or possibly some 
other arboviruses at the time of the peak activity of the tick 
Ixodes ricinus in the Adriatic, i.e. in December to February. 
Between 22 and 25 February 1974, 685 ticks were collected on the 
island of Brae, mostly from sheep, some from vegetation, and one 
from a man. The ticks collected belonged to the following species: 
Dermacentor marginatus, 1. gibbosus, and Haemaphysalis punctata. 

From female H. punctata collected on 24 and 25 February from 
sheep (pool 7, l6-ticks + pool 14, 13 ticks), 2 viruses were isolated 
in suckling albino mice. The mice succumbed with the symptoms of 
CNS disorders 10-11 days after inoculation. Further passages 
shortened this period to 5 days. One mouse inoculated with 
strain 14, survived 25 days after inoculation. Dissection revealed: 

CNS normal, spleen markedly enlarged and tense, thymus with 
enlarged lobes. 

Histological finding: The cerebrum, in the base of the 
frontal lobe, round large blood vessels, showed some weak 
infiltrates consisting of mononuclear cells, lymphocytes, 
and the proliferation of endothelial cells. In the lateral 
ventricle there was a proliferation of subependymal cells. 
In the cerebellum we found scattered Purkinje cells, 
markedly homogenized, while in the molecular layer there are 
multiple astroglia1 cells. In the spinal cord, homogenization 
affected large motor cells, and neuronophagia was seen 
around some of these cells. 

These findings suggested a recent infection of the central 
n:rvous system by a small dose of weakly virulent, neurotropic 
Vlrus. 

Spleen - hyperplasia of follicles and the red pulp. Marked 
megakaryocytosis. 

Thymus-marked hyperplasia of cortical zone. 

The findings of the spleen and thymus are not specific 
and may indicate only a recent virus infection. 



The passage of the virus in primary Pekin duck embryo and Vero 
cells produced CPE or plaques on the fourth day after inoculation. 

Complement fixation tests gave the following results: 

~ Bhanja Bhanja * Bhanja * 

ANTIGEN (POOL #7) IbAr 2709 IG 690 Normal 

Bhanja 
(POOL #7) 128 64 32 <8 

Bhanja * 
IbAr 2709 64 64 32 <8 -

Bhanja * 
IG 690 128 64 64 <8 -

Normal <8 <8 <8 <8 

* Kindly provided by the Yale Arbovirus Research Unit, 
New Haven, Conn. 

A portion of these results have been confirmed by neutralization 
tests. For a description of a human laboratory infection with this 
virus, see the report of the Vector-Borne Diseases Division, CDC, 
this issue. 

Serological testing of humans and animals on Brae with the newly 
isolated virus is under way_ 

This is the second isolation of Bhanja virus (the first was in 
Italy in 1967) outside tropical areas. 

(J. Vesenjak-Hirjan, C.H. Calisher (CDC, Ft. Collins, Colorado, U.S.A.), 
Z. Brudnjak, D. Tovornik) 
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REPORT FR011 ARBOVIRUS UNIT,VIRUS DEPARTlvlENT, 

ISTITUTO SUPERIORE DI SANITA!, ROI.'IE, ITALY 

During field studies on arbovirusee carried out in 1973 in four 
Italian provinces in northern and central Italy (Gorizia, Siena, ~ome, 
Latina), 4,774 ticks were collected between 1.Iarch and December 1973 
and processed for virus isolation (Table 1). 

In Gorizia province ticks were colLected only on vegetation and, 
as previously observed, all of them were Ixodes ricinus. In the other 
three provinces the ticks collected were among the most common species 
present in the respective regions. Latina province is the only area 
where a periodical tick collection was regularly performed by Dr.E. 
Stella from the Parasitology Department of this Institute. 

Only one virus strain was isolated from a pool of females of 
Haemaphysalis punctata ticks and it was identified as Bhanja v~rus 
(Table 2). This is the second isolation of Bhanja virus in the same 
area, from the same vector and in the same season, since the first 
isolation occurred in 1967. This should support the hypothesis of the 
presence of a permanent natural "focus ll of Bhanja virus in Fondi area 
(Latina province). 

Collaborative study 

In 1974 Dr.Retno Iswari, from Microbiology Institute of University 
of Indonesia, Jakarta, joined us for a six months period. Some Ticks 
collected in Java (Indonesia) were processed for virus isolation. 
From two pools of Argas robertsi collected in Dua Island (West Java) 
two virus strains were isolate1 and successfully reisolated. 

The prototype strain (ISS.IR.802) was lethal for suckling mice by 
i.o. inoculation with an incubation period of 6-8 days, but failed to 
kill weanling mice inoculated by the same route. The ISS.IR.802 strain 
was shown to be sensitive both to ether and to SDC. No hemagglutinin 
was produced after sucrose aceton extraction of infected suckling 
mouse brains. 

The serological identification of this virus strain is in progress. 

eM. Balducci, P.Verani, M.O.Lopes) 
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Table 1 - Speoi .. and number ot. the ttaka oolleoted·in DOZ'1Ihern and 
oentral Italian provinoes trom J.,. t.o Deoember 1973. 

Collection aite Speoi .. 

r~rizia provinoe Ixodes ricinus 

Siena provinoe Ixodes ri oinus 

Rhi:eioel!l!!lus salW1ineus 

RhiJ)ioephalus bursa 

Rome provinoe HaemaJimJa lis punotata 

HbiJ)ioephalus bursa 

latiaa provinoe Ixodes rioinus 

. Raemaml!alis punotata 

Haemaph;rsalilit . .. .. '" 
U~UlJ,!l."'" 

Dermaoentor marsinatus 

BDi:eioeg1us salWlineus 

Rhimoephalus bursa 

Jf.yalomma. I18rsinatum 

Total 

+ Isolation ot Bbanja virus 

92 

It 

~l tiolas 
• 

1.090 

83 

5 

17 

lOS 

26 

269 
1.636+ 

I: 
J 

14 

54 

1,196 

74 

4,774 

.. 

• 



Table 2 - Number and. stage ot Uc1ca colleoted. tor virus isolaUon. 

Speoies stage Nwilber ot Number ot 
, Sp!'Ioimen isolations 

Ixodes rioinua N1D\pb.a 973 0 
.le. 159 0 
Females 310 0 

Haema~l!alie 2UDctata N'1D\phs 914 0 
Mal .. 137 0 
Females 890 1 + 

HaemaPhYsalis oto~ila N;yomphe - 0 
~.18s - 0 
Females 5 0 

]JeZ'lllloentor mrm:natus N;ympha - 0 
Males 6 u 
Femalea 6 0 

Rbieoeelus sanguineus Nymphs - 0 
Mal .. 31 0 
Femalee 28 0 

Rbieoe;2halus bursa Nymphs 10 0 
Male. 780 0 
Females 449 0 

Hl!lolll11a mrm:natum N;vmphs - 0 
Mal .. 40 0 
FeDial_ 34- 0 

Total 4,774 1 + 

+ Bhanja virua 

II 

.. 
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REPORT FROM THE VIROLOGY DEPARTMENT I GIRLS COLLEGE, 
AL-AZRAR UNIVERSITY, CAIRO, U.A.R. 

Isolation of a Tete group virus from Argas ticks 

Argas species ticks were collected on 20 January 1970 by hand from the 
bark of Eucalyptus trees in a rookery of buff-backed herons, Nile Barrage 
Park, 18 miles north of Cairo, Qa1yubiya province, ARE. An isolate, ART 28, 
was recovered from a pool of five Argas ticks. The isolate was filterable, 
lost 0.7 logs of infectivity by treatment with SDC and did not produce a 
hemagglutinin. By complement fixation tests ART 28 sucrose-acetone extracted 
antigen was not related to group A, B, C, Bunyamwera, sandf1y fever, Quaranfi1, 
Qa1yub, Nyamanini, Chenuda or Wad Medani viruses. ART 28 virus was sent in 
1971 to the Virology Department, NAMRU-3, for further typing by complement 
fixation and was found to be related to Matruh and ANB-12502 viral antigens 
as shown in Table 1. 

Table 1. ART 28 Antigenic Relationships by 
Complement Fixation Test. 

Matruh AS ANB 12502 AS 

ART 28 64/256 2/8 

Matruh 64/512 16/256 

ANB 12502 8/8 64/128 

Previous isolates of Tete group viruses have been from birds. This is 
the first evidence that ticks may be involved in the epidemiology. 

(Kouka S.E. Abde1-Wahab) 

/ 
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REPORT FROM THE EGYPTIAN ORGANIZATION FOR BIOLOGICAL AND 
VACCINE PRODUCTION, AGOUZA, CAIRO, UAR 

Introduction 

In the last ten years arboviruses have become an increasingly recognis
able cause of diseases in humans and animals. Many arboviruses were isolated 
in Egypt and other parts of the world. 

Information is clearly needed about the epidemiologic interaction of 
those new viruses in various segments of wildlife in Africa. 

In addition, two viruses (Obodhiang and Kotankan), repeatedly isolated 
from mosquitoes, have the unusual potential (for rabies-related viruses) of 
being arthropod-borne. 

Attempts were made to isolate arboviruses from ectoparasites, rodents 
and humans. In addition, sera from humans, domestic animals and different 
species of rodents collected from different governorates in Egypt were 
screened by serological tests for evidence of natural infection. Tne 
following results cover the period from January 1974 to November 1974. 

Attempted isolation 

1. From ticks. Ticks were collected from different species of animals in 
different localities in Egypt, were identified, and were inoculated in 
suckling mice. 

A new viral isolate was under study (Matruh virus), from Hyalomma 
marginatum collected from migratory birds in Matruh governorate. 

2. From blood-sucking flies. 200 pools were tested with negative results up 
till now. 

3. From humans. CSF and sera from the Imababa Fever Hospital were tested by 
inoculating suckling mice. No isolates up till now. 

4. From roden-ts. Brain tissues of wild rodents from different localities in 
Egypt were inoculated into suckling mice in attempts to isolate arboviruses 
or rabies-related viruses. Results thus far have been negative. 

Survey for antibodies to some arbovirus in humans, domestic animals and 
rodents. ( 

Sera 

a. 236 human sera were collected and tested by HI against Semliki Forest, 
Chikungunya, Sindbis, Zika, West Nile, Langat and Bunyamwera viruses. 
Antigens were prepared by sucrose acetone extraction of infected mouse brain. 
HI tests were done according to the method of Clarke and Casals (1958). The 
sera were treated by kaolin, using goose erythrocytes. 
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b. 1200 blood samples were collected from different species of domestic 
animals; the sera were separated and stored at -20°C. 200 rodents were 
collected from different localities in Egypt and identified according to 
species. Blood samples were taken and sera separated and stored at -20°C. 
These sera were tested by CF against Wanowrie and Dhori viruses. Also 898 
animal sera, rodents, and pigeons were tested by CF test against Quaranfi1, 
Chenuda, Nyamanini, Qa1yub and Wad Medani viruses. 

Sera were inactivated at 56°C for 30 minutes. A preliminary CF test was 
conducted on each serum at a dilution of 1/4. Sera showing positive reac
tions were further tested using wider serial dilution ranging from 1/4 to 
1/128. 

The CF test (modified Kolmer microtechnique) was carried out in accordance 
with the procedure described in Diagnostic Procedures for Viral and Rickett
sial Diseases, 4th edition, 1969. 

Results 

1. Out of 236 human sera tested by HI test 107 (45.3%) were positive against 
West Nile virus in dilutions of 1/16 up to 1/320, 18 (7.6%) were positive to 
Sindbis virus in dilutions of 1/10 up to 1/80, 7 (2.9%) were positive to 
Sem1iki Forest virus in dilutions of 1/10 up to 1/40, and 1 (0.4%) was 
positive to Langat virus in a 1/10 dilution, CF tests with Chikungunya, Zika 
and Bunyamwera viruses were negative. See Table 1. 

2. Out of 1400 animal and rodent sera tested by CF test against Wanowrie 
viruses, 46 (23%) sheep sera were positive, 34 (17%) buffalo sera were posi
tive and 20 (10%) rodent sera were positive in titers of 1/4 to 1/16. Camel, 
dog, cow and pig sera were negative by CF test. See Table 2. 

3. Out of 1400 animal sera tested by CF test against Dhori virus, 40 (20%) 
sheep sera were positive, 30 (15%) buffalo sera and 25 (12.5%) rodent sera 
were positive in titers of 1/4 to 1/16. Dog, camel, cow and pig sera showed 
negative CF tests. See Table 3. 

4. Out of 898 animals, rodent and pigeon sera tested by CF test: 

a. Against Quaranfi1 virus (Table 4). 24 (22.2%) buffalo sera, 12 (8.7%) 
camel sera, 7 (6.9%) dog sera, 15 (B%) donkey sera, and 12 (11.9%) pig sera 
were positive in titers of 1/4 to 1/32. 

b. Against Chenuda virus (Table 5). Only 1 (0.9%) buffalo serum, 4 (3.9%) 
dog sera, 5 (3.6%) camel sera, 3 (1.6%) donkey sera, 2 (1.9%) pig sera and 
1 (1%) rodent sera were positive in titers of 1/4 up to 1/32. 

c. Against Nyamanini virus (Table 6). The percentage of positives was 
small and the titers reached only to l/B; 3 (2.8%) buffalo sera, 1 (0.7%) 
camel serum, 1 (0.9%) dog serum were positive. 

d. Against Qa1yub virus (Table 7). 12 (11.9%) pig sera, 6 (4.3%) camel 
sera, 8 (2.4%) donkey sera, 2 (1.3%) buffalo sera, 1 (1.4%) pigeon serum, 1 
(1%) rodent serum were positive by CF test in titers of 1/4 up to 1/32. 

e. Against Wad Medani virus (Table B). 3 (2.7%) buffalo sera, 1 (0.9%) 
pig serum, 1 (0.7%) camel serum and 1 (1%) rodent serum were positive by CF 
test. 
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These results indicate a high West Nile virus antibody rate in humans, 
with 45.3% of sera positive in titers of 1/10 up to 1/320. In animals, sheep 
showed higher percentages positive against Wanowrie virus (23%) and Dhori 
virus (20%). Buffa10s showed higher percentages positive against Quaranfi1 
virus (22.2%), Nyamanini virus (2.8%) and Wad Medani virus (2.7%). Dogs 
showed a higher percentage positive (3.9%) to Chenuda virus. Pigs were higher 
against Qa1yub virus (11.9%). 

(Imam Zagh1ou1 Imam) 

1 a b 1 e (1) 

HI Antibodie8 to 80me Jrbov1ru.s 1D Bum.an Sera. 

Virus 
110 of tested Positive 

aera !rotal " '11 tre r8ll8e 
+v. +ve 

Oh1c~a 2,6 0 0 0 

Seml.:Ud. Jrorat 236 'I 2., 1/10 up to 1/40 

S:1Jldbis 2,6 18 '1.$ 1/10 .. n 1/80 

Z1lta 2,6 0 0 

West NU • 2,6 lCY/ 45.'" 1/10 " • 1/,20 

le.D$at 236 1 0."", 1/10 

iw:Q'ammora 236 0 0 

97 



TABLE 2. Wanowrie Virus 
CF antibodies in animal and rodent sera to Wanowrie virus 

Bo of tested Po sit 1 v e 
la .. 4 .... ' Species sera 

~otal , 1/4 1/8 1/16 
+ve +ve 

.. 

Sheep 200 46 2~ 18 20 8 
" 

Buttaloes 200 ,.,. 17% ~ 1'7 4 

Rodents 200 20 lOJ 10 8 2 

Oamels 200 0 0 0 0 0 

Doss 200 0 0 0 0 0 

00_ 200 0 0 0 0 0 

Pigs 200 0 0 0 0 0 

~ota1 l400 100 5Q.C 41 45 14 
-==_.=-=.=-===-== __ = ___ 'c=_= __ = __ = ==_===111 ==: ••• ::= ~=======~ 

TABLE 3. Dhori Virus 
CF antibodies to Dhori virus in animal and rodent sera 

JlJo of Po sit1ves 
!.lft4_'l Species tested 

sera ~otal , 1/4 1/8 1/16 1/32 
+ve +va 

Sheep 200 40 20J5 20 12 8 0 

But'faloes 200 30 1~ 15 9 6 0 

Rodents 200 25 12)'$ 1'7 '7 "5 0 .. 
l>op 200 0 0 0 0 0 0 

. 
OUl81. 200 0 0 0 0 0 0 

Co_ 200 0 0 0 0 0 0 

Pigs 200 0 0 0 0 0 0 

• 
~ota1 1400 95 4'7." 52 28 1'7 0 

, . 
..... === ....... :.= •••• === -=====-= •• = .. -=== ======== _ ... ====.=====_1;::= ___ =111 
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TABLE 4. Quaranfil Virus 
CF antibodies to Quaranfil virus in animal and rodent sera 

No of Positives 

A,...imAl Sp. tested 
sera Total % 

·+ve +ve 1/4 1/8 1/16 1/32 
• 

~falow 108 24 22~2% 9 8 3 4 

Camel 137 12 8.7% 3 3 3 3 

Dog 101 7 6.91' - 5 1 1 
• 

DoDke,. 187 15 8 " 5 4 2 4 

• Pig 101 12 11.91' 7 5 - -
!pigeon ?O - - - - - -
lRodents 9'1- - - - - - -
isheep 100 - - - - - -
~otal 898 70 7~ar. 24 25 9 12 

TABLE 5. Chenuda Virus 
CF antibodies to Chenuda virus in animal and rodent sera 

No o:t P 0 s 1 t 1 v e 
tested 

.lD1mal Sp. sera 
Total " 1/4 1/8 1/16 1/;2 +ve +ve 

BuUalo. 108 1 O~~ 1 - - -
Camel 137 5 3.6' 1 1 J -
DoS 

. 101 4 J.~ 1 - 2· 1 

Dooke,. 187 3 1~6" - 1 2 -• 

Pig 101 2 l.~ 2 - - -
Piseon 70 - - - - - -

• Rodent 9'1- 1 1 " 1 - - -
! 

, 
100 - - -Sheep - - -

• 

Total 898 16 1~7% 6 2 7 1 
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TABLE 6. Nyamanini Virus 
CF antibodies to Nyamanimi virus in'animal and rodent sera 

Jio of Positive tested. .. 
A.n1ma.l Sp. sera 

!rotal ~ 1/4 1/8 1/16 1/32 +ve +ve .. 

Buffalow 108 3 2.8% 1 2 - -. 
Ouel 13'1 1 O.~ - 1 - -
Dog 101 1 0.9J' - 1 - - -
Dose,- 18'1 - - - - - -
Pig 101 - - - - - -
Pigeon '10 - - - - - -
Rodent 9fI. - - - - - -
Sheep 100 - - - - - -
~ 0 tal 896 , S.~ 1 4 - -

TABLE 7. Qalyub Virus 
CF antibodies to Qalyub virus in animal and rodent sera 

Bo of Positive tested 
Animal Sp. sera 

!I!otal " 1/4 1/8 1/16 1/32 +Te +ve 

BUtalow 108 2 1." 2 - - -
Ouel 137 6 4.~ 2 2 1 1 

Dog 101 4 3~9.' - 2 1 1 

Donke;y 187 8 4.2% 4 3 1 - • 

Pig 101 12 11.9.' 8 4 - -
Pigeon ?O 1 1.4" 1 - - - .. 

Rodent 9ff. 1 1 " 1 - - -
Sheep 100 - - - - - -

!r 0, tal 898 34 3,7 18 11 3 2 
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'I a b 1. (8) , 

.. 
0'8 Ant1boU.. to Wad Madani Virua 1D. animal. • Rodent Sua 

.. 

Bo ot Po. 1 t 1 T • 
t •• ted 

.AJ:d.mal Sp. .ea 
'Iotal , 

1/4- 1/8 1/16 11'2 +T • +Te 
• 

Dattalo .. 108 :5 2,"" - :5 - -
Oamel lJ7 1 0."" - - 1 -
DoS 101 - - - - - -
Do.e7 187 - - - - - -
Pis 101 1 0~9IJI 1 - - -
PiSeon 90 - - - - - -
Rodent ,.. 1 1 , 1 - - -
Sh.ep 100 - - - - - -

, 

'!ota1 898 6 0._ 2 :5 1 -
•• ==a==-===_~=-=-=a=====: .=.=.===== =-_.=.= =-===--=---=== ==-== •• : .a __ ===: 

.. 

to 
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REPORT FROM THE ARBOVIRUS LABORATORY 

INSTITUT PASTEUR AND ORSTOM, DAKAR, SENEGAL 

This short paper rev;iews the results of field investigations 

for arbovirus activity in Senegal from July to December 1974. 

Virological Studie s 

1.1 Human Blood Samples 
161 blood specimens, collected from 158 febrile children 

in Bandia and 3 febrile adults in Dakar, were processed for virus isola
tion. One strain of Zika virus was isolated from the blood of a 4 year 
old boy, in Bandia. Blood films taken from this boy revealed heavy ma
laria infection (Plasmodium falciparum). 

1.2 Wild Vertebrate s Sample s 
42 specimens were processed for virus isolation without 

succe ss. 

1.3 Arthropods 
13518 mosquitoes were processed in 604 pools. 3 strains 

of Zika virus were isolated: 2 from pools of Aedes furcifer taylori and 
1 from Aedes luteocephalus • All these mosquitoes were captured in Ke
dougou using human baits. 

1. 4 Mosquitoes processing experiments 
During transmission experiments it has been observed that 

the processing of mosquitoes for virus isolation was very important :fac
tors such as freezing, thawing, centrifugation may impair the success of 
isolation. This may explain the lack of yellow fever virus isolation from 
wild mosquitoes caught in Kedougou where there is evidence that the virus 
is active. 

With the purpose of clearing up this question experimen
tally) yellow fever infected mosquitoes were processed according to various 
methods and inoculated into suckling mice. Work is in progress. 

Serological Studies 

2. I Human Sera 
2.1. 1. Senegal - 89 sera were collected from febrile chil
dren in Bandia village and tested for HI and CF antobodiea. 
Chikungunya antobody was found in 1010 of the sera. 84% 
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had group B antibodies and 75% were positive with yellow 
fever but CF test was negative • 

14 specimens from patients suspected of arbovirus infec-
tion were examined. No definitive diagnosis can be made. 

?I.Z Other West African Countries -"Z85 sera collec-
ted in the Southern part of the Niger republic, near Niamey 
in the Southern part of the Mali republic and the Northern 
part of Upper-Volta, were examined for HI and CF anti
bodies. More than 80% of these sera showed broad group 
B response but some sera reacted with yellow fever anti
gen only • 

Plaque reduction neutralization tests using PS cells have 
been performed for neutralizing antibodie s and are still in 
progre SSe 

Z. Z Wild Vertebrate Sera 
Z. Z. 1. Kedougou (Senegal) - 73 sera from monkeys caught 
in the area of Kedougou have been studied for HI and CF 
arbovirus antibodies. 60% were chikungunya positi ve in HI) 
50% were yellow fever and Saboya positive in HI) and Z% 
had CF antibodies for yellow fever antigen. 

Z. Z. Z. Upper-Volta - 59 sera were collected from monkeys 
shot in the Upper- Volta republic and tested for HI and CF 
arbovirus antibodies. Over 8010 showed yellow fever HI an
tibodies associated with one or more other group B HI an
tibodies: W.N, U.G.S, D.B, Zika, N.T.A, S.A.B, W.S.L. 
ZO% of the sera were positive for group B-CF antibodies 
and 5% were positive for yellow fever virus only. 

(Ch. Jan and Y •. Robin, Institut Pasteur and J. Coz and M. Cornet, Orstom 
Dakar Senegal) 
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REPORT FROM THE ARBOVIRUS LABORATORY, INSTITUT PASTEUR AND O.R.S.T.O.M. 
YAOUNDE, UNITED REPUBLIC OF CAMEROON 

From July 1 to December 31, 1974, ecological studies on arboviruses with 
special reference to yellow fever were followed up in our N'Delle field 
stations near the town of Ayos, where cases of yellow fever have been con
firmed by histopathology in the past four years. 

1. Virological studies. 

1.1. Human blood samples. 

Nine human blood specimens have been collected from febrile patients 
with a rash. Two virus strains have been isolated, H Y 71 which is a Bwamba 
strain and H Y 132, not yet identified. 

Four blood specimens have been collected from men who had died with 
a hepato-nephritis syndrome, but no virus has been isolated from these 
materials. 

1.2. Wild vertebrate samples. 

480 specimens were processed for virus isolation. Three virus 
strains were isolated from these materials: 

An y 1307 from Crocidura sp. 
An y 1437 from Lophuromys sikapusi 
An y 1444 from Mus musculoides 

These three strains are being identified at the Regional Reference Laboratory 
in Dakar. 

In an attempt to facilitate the isolation of yellow fever virus 
from mosquitoes, we are planning to inoculate our wild mosquito samples intra
thoracically into laboratory reared Aedes aegypti; then, after an extrinsic 
incubation period of 7 days, the inoculated mosquitoes will be ground and 
inoculated into suckling mice. This will be perhaps a more sensitive yellow 
fever isolation system. 

2. Serological studies. 

Five hundred human sera were collected from Yagoua schoolchildren. Yagoua 
is a typical sahelian savannah vegetation zone. Serological test results 
showed a high rate of arbovirus positive reactions in young children, as has 
always been found in this vegetation zone. This is in contrast to results 
from the equatorial rain forest where a serological survey in the pygmy popu
lation has shown a much lower arbovirus activity among children. 

(G. Le Gonidec, Institut Pasteur, Yaounde, and A. Rickenbach, O.R.S.T.O.M., 
Yaounde) 
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REPORT FROh THE INSTITUT PASTEUR and O.R.S.T.O.}-;. 
BANGUI, CENTRAL AFRICAN REPUBLIC 

This report summarizes the results of our arbovirus laboratory for 

the year 1974. During this year, most of the activities, entomological 

and virological, have been devoted to the study of the epidemiology of 

sy1vatic yellow fever at the field station established at Bozo (110 km 

N. of Bangui) by the end of year 1973. 

Yellow fever virus has been isolated from 5 pools of Aedes africanus 

and 1 pool of Aedes opok, caught at Bozo from September to November 1974. 
If and when the identification of these isolates is confirmed by the WHO 

Reference Center in Dakar, this will be the first isolation of yellow fe

ver virus from mosquitoes in the Central African Republic (CAR); first 

confirmation of the role of Aedes africanus in the life cycle of sylvatic 

yellow fever in C.A.R.; ar,d first indication of the role of Aedes opok as 

a potential vector. 

From other mosquitoes caught in Bozo in 1974 have been isolated also: 

1 isolate of Kamese virus from Culex tigripes, 2 isolates of Yaba 1 virus 

from Culex perfuscus and C. decens, 2 isolates of Pongola virus from Aedes 

tarsalis and Culex perfuscus, and 1 isolate ot Sindbis virus from Cu1ea c.sR. 

Investigation on tick-borne viruses has been continued. From ticks col

lected on cattle in 1973 and inoculated in 1974 have been isolated: 31 iso

lates of Dugbe virus (30 from Amb1yoma variegatum and 1 from Boophilus ~-

10ratus); 2 isolates of Jos virus (from Amblyoma variegatum) and 1 isolate 

of Congo/CHF. virus from Hla10ma nitidum. This is the fi~st isolation of 

Congo virus in C.A.R. since the beginning of investigations on tick-borne 

viruses in 1973. 

During the study of possible reservoirs, isolates have been obtained 

from birds and rodents: Ingwavuma virus has been isolated from blood and 

organs of an Hyphanturgus and another isolate (yet to be identified) has 

been obtained from blood and organs of an Andropad~ virens; from rodents, 

3 isolates have been obtained: 1 from a Praomls, 1 from a kastomys and 1 

from a mangoose (Mango mango). All three isolates yet to be determined. 
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From human cases of acute febrile illnesses (with or without rash 

and/or arthralgia) we have isolated: ~ isolate of Koutango virus (pro

bably laboratory contamination), 1 Zinga virus and 1 Sindbis virus. 

Another isolate is yet to be identified. 

Note: ~:odifications to our previous report (see Info-Exchange nO 26). 

Arboviruses isolated from mosquitoes: the two isolated reported as 

~yet to be d~termined·have been identified in Dakar as Yaba 1 (from Culex 

~.) and Wesselsbron (from Aedes ~.domesticus). Three out of four iso

lates reported as West Nile and one isolate reported as Bagaza have 

eventuelly been identified in Dakar as Usutu sub-type Y 276. 

(P.Sureau and M.Germain). 
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REPORT FROM THE INSTITUTO EVANDRO CHAGAS, FOC, 

BRAZILIAN MINISTRY OF HEALTH, BELEM, BRAZIL. 

1. Arbovi1"IS Research Along the Trans Amazon Highway 

Since 1 971 ecological studies on arboviruses have been undertaken a long forested 

areas intersected by the newly openned highways in the Amazon region of Brazil. Up to the 

end of 1974, 10 different areas have been s'urveyed, 8 of them located along the Trans Amazon 

highway, and two along the Santarem-CuiabO highway. Nine areas ar~ in Para State and one 

in the Amazonas State (Fig 1 ). Initially, 3-4 weeks were spent in each area but from the end 

of 1972 up to 1974, it was expanded to 8-12 weeks. Also a permanent surveillance on arboviruses 

was started in the Altamira area in November 1972. 

In the 10 different areas wild mammals, birds, reptiles, amphibia were trapped or shot, 

and hematophagous insects were collected. In addition to this, residents of the cities, villages 

or small settlements located along or nearby the highways were bled, as well as road workers 

is token from both sick people and from normal persons. Samples for attempted viral isolation are 

preserved in liquid nitrogen, whereas serum samples for antibody determination are kept at +4<?C, 

then frozen later at -20<?C. Specimens are sent by air to the Institute Evandro Chagas where the 

tests are performed. 

This report covers the results obtained with material collected during two trips which 

were done in 1973. Part of the results obtained up to December of 1972 hove already been 

published (Bulletin of the Pan American Health Organization, Vol. VIII, n<? 2, p. 111-122,1974). 

The two areas of ecological studies in 1973 were located as follows: 1) Km 212 of the 

Sontarem-CuiabO highway (April-July). 2) Also at Km 212, but of the section Itaituba-Jacarea

conga of the Trans Amazon highway (October-December). Both areaS belong to the Para State. 

( Fig 1 ). 

Humans. 744 persons were bled in different localities of the Santarem-CuiabC highway. 56 of 

these were febrile cases, but no virus could be isolated from their blood, after inoculation in 

newborne mice. But 3 out of 29 patients had malarial infection, 2 of them being P. falciparum 

and one had a mixed infection (p. falciparum and P. vivox). 

In the Itaitubo-Jacareacanga area, 86 persons were bled including 58 febri Ie from 

which blood no virus could be isolated. But malarial parasites were demanstrated in 17/49 

Individuals, 16 of them being P. vivax and only one P. falciparum. 
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Results of the HI test performed against 18 arboviruses and the laboratory strain of YF 

virus (170) with the sera of 744 persons bled in the Santarem-Cuiaba area, are shown in Table 1. 

It can be seen in this table that the highest number of positive reactions was towards the group 

Bviruses. Thus, in the group with more than six months of residence in the area, 198 (29,CPk) 

persons showed a broad reaction, whereas 52 (7.6%) to the 170 antigen, 27 (4.CP/o) to the H 111 

wild strain of YF virus, 18 (2.6%) to "haus virus, and only 2 (0.3%) to SLE virus. Some of the 

brood reactions, as well as the ones to 170 antigen, may result frc:mYF vaccine. 

In the group A, 44 (6.4%) hod antibodies to Mayaro virus, 28 (4.1%) reacted with 2 

or more viruses of the group, 14 (2.0%) inhibited Mucambo virus, and less than 1% of the persons 

hod antibodies to EEE and WEE viruses. Reactions to the other viruses tested were not higher 

than in 3.6%of the persons tested, or negative. As only few people were included in the other 

groups shown in Table 1, it is difficult to make on ossessment of the data. 

The HI antibody rates among the 88 persons bled in the Itaitubo-Jacareacanga area 

were as follows: 1) Group A = Mayaro (15.9%), WEE (2.2%), Mucambo {l.1%) and cross (4.'sok). 

2) Group B= YF (3.4%), IIheus (5.6%) and cross (22.7%). 3) Group C = Caraparu (1.1%). 4)Group 

Guama = Catu (3.4%). 5) Group Bunyamwere = Guaroa (5.6%). 6) Group Phlebotomus = Itaporanga 

(3.4%) and Candiru (1.1%). 7) Group Anopheles A = Tacaiuma (1.1%). No reactions were observed 

to EEE, Bussuquara, Utinga, Be An 141106 and Be An 1/4:.!i4 viruses. 

Wild animals. Table 2 shows the number of wild animals collected during each trip. 14 animals 

captured in both areas yield 15 virus strains, as shown in Table 3. It is interesting to notice that 

SLE virus was isolated from the blood of two monkeys. The virus was also recovered from the viscera 

of one of these monkeys. Reisolation of the agent was obtained from the two blood, but not from 

the viscera. These two monkeys were killed by shot gun in the Itaitubo-Jacareacanga area, where 

a total of 32 monkeys were shot. In the HI test, 8 of these monkeys showed a specific reaction to 

YF, two of them showed cross reactions, but nothing else: In the mouse ip neutralization test, 

using mouse brain as virus source, 19 animals neutralized specifically the H 111 strain of YF virus 

(N.I ~ 2.3 log, 0)' However, two animals showed a brood type of reaction to YF, SLE and IIheus 

viruses. No specific reactions were observed to SLE and II he us viruses. Excluding one isolation 

obtained from the blood of a sentinel monkey (confirmed by serology) stationed at the APEG florest, 

Salem, in the first half of 1973 (see Arthropod Borne Virus Info Exchange, p. 65, n926), this is 

the first time that SLE virus has been isolated from naturally infected monkeys. Plans are made.to 

return to the some area during the next March-April period, for more detailed studies. SlE vir~~ ::. 

was also isolated from the blood of 1 Didelphis marsupialis (confirmed with reisolation), from the 

blood of 2 birds (viscera of birds are not collected) and from 1 pool of 24 Culex (Culex) sp., all 

of these specimens being collected in the Itaitubo-Jacoreacanga area. In addition, 2 group B 

viruses were also isolated from birds caught in the some area, but unfortunately these strains were 

lost due to an occident, before they were typed. One strain of SlE virus was also isolated from 
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Culex (Culex) declarator collected in the Santarem-Cuiabcl area. 

Other virus isolations from animals !=onsisted of WEE (1), Turlock (2), Kwata (2) and 

two of Ungrouped viruses. One of these, Be An 238209 was obtained from the blood of one frog, 

and the other one, Be An 238758, from the blood of one Oryzomys rodent. These two agents are 

unrelated by CF test to each other, and also to the other arboviruses found in the Amazon region. 

No HA antigen was obtained yet from them. Thus, they represent the second and third apparently 

new types of viruses isolated in areas located along the newly openned highways in the Amazon 

region. Previously, it has been shown that the strain Be An 213452 isolated from the blood of a 

Didelphis marsupialis captured 25 km east of Itaituba ( Trans Amazon area), in December of 1971, 

is related only to Candiru virus. The two viruses are indistinguishable in the CF test, but clearly 

separable by the neutralization test. 

The results of HI tests done with the sera of the wild animals against 18 arbovirus antigens 

can be summarized as follows: 1) Birds. Specific reactions to WEE and SLE viruses were found in 

3.7% to 6.8"k of the specimens, and cross reactions to the group B viruses varied from 4.8% to 

10.6%in the two areas. Rates for Turlock virus were 2.4%and 8.7%, for Oropouche virus they 

were 0.96% and 11.4% in the two areas respectively, whereas rates varying from 0.2% up to 

3.3% were detected for Mayaro, Caraparu, Apeu, Be An 109303, Tacaiuma, Itaporanga, Guaroa 

and Be An 141106 viruses. 2} Small mammals. Very low rates were found to the viruses tested, 

with the exception to the memUt:llI uf the Phlcbotomu~ grcu~ test~cI. AnHhndies to Bujaru and 

Candiru of this group were commonly found among the Proechimys rodents {also cross reactions}. 

In general, it can be stated that the majority of antibodies to the other viruses (groups C and 

Guama) are found predominantly among the Proechimys. It is worthwhile to me ntion that 4 out of 

the 5 DasyProcta rodent tested had HI antibodies to Pixuna virus, with confirmation by the 

neutralization test. On the other hand, only one animal showed HI antibody to Mucambo, this 

being the marsupial Philander. 3} Primates. HI antibody rates greater than 15% were found to 

Mayaro (60% and 53+) and to YF (16% and 2B%) and to Tacaiuma (0 and 18"/o). HI antibodies were 

also found to Catu, Guaroa, Oropouche, Utinga, Itaporanga, Candiru, but at lower rates. 

Hematophagous insects. A total of 22.690 insects, 8920 from the Santarem-Cuioba are~ and 

13770 from the Itaituba-Jacareacanga, were inoculated for virus isolation attempts. Seven virus 

strains were isolated, as seen in Table 3. Two of them were SLE virus as already discussed, one 

strain of WEE virus from Culex (melanoconium) taeniopus, one of Una from Aedes Serratus one of 

Mirim from Culex (m) taeniopus, one of Turlock from Culex (culex) declarator and one of Irituia 

from phlebotomine flies. 

In both areas the majority of the mosquitoes belonged to the genus~. The tree 

trunk collection by suction & net, and human boit were the most productive methods of insect 

collection. The Trinidad 17 trap {baited with mouse or chicken} and the CDC light trap were the 

least productive. 
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2. Oropouche virus epidemic 

On february 3 of the present year we were informed that an outbreak of human febrile 

illness was occurring in MOjui dos Campos, a small settlement located 40 km south of Santarem, 

near the confluence of the Tapajos river with the Amazonas river • Two days later, a field team 

flew to the area, and stayed there during 4 days c:allecting specimens from patients, and clinical 

history of cases. Main 'symptoms observed were as follows: fever (10<1'k), headache (94%), myalgias 

(48%), chills (43%). About 1 07'0 of the patients had vomiting and diarrhoea. Suden onset was 

c:ammonly observed and in many patients there was reoccurrence of symptoms a few days or more 

than one week after the first episode. 

Search for malarial pa-asites in the blood of several acutely ill patients wos negative. 

Blood cultures were also negative, orono pathogenic enterobacteria c:auld be isolated from the 

stool of a few selected cases. However, 122 (94%) out of the 130 persons tested had HI antibodies 

to Oropauche virus. 37 (74%) out of 50 cases had Cf antibodies to the same agent. Several of 

these positive reactors had been bled about 20 months ago, a time during which they had no 

antibodies to Oropauche virus. 

23 blood were c:allected from febrile cases for attempted viral isolations In mice and 

ill VfI#lV \:-vlls. The inocl,;lctic~s just rlarter.l, 

The population in the area was said to be around 4,000 people, most of them living 

in Mojui dos Campos, and the rest in nearby smaller settlements. Most cases appeared in 

January ond February. 

Studies will continue, with more effort to reveal the vector(s). Special attention will 

be given to the biting midges and Culicini. Wild and domestic animals will also be studied. 

This b the fifth epidemic caused by this arbovirus in the Amazon region. Two of them 

occurred in Belem (1961 and 1968) one in the Bragan~a area (1967) and one in Baiao (1972) all 

in Para State. The vector{s) remain unindentified however. 

3. Outbreak of yellow fever 

Fallowing the isolation of yellow fever virus from the blood of a non-fatal case 

hosPitalized in Belem, investigations were undertaken in the area of residence of the patient, 

and as result of this an outbreak of yellow fever was uncovered. 

The patient (A.P .G., H 251878 AMA 634) was originated from Gurupa island, north 

of the Maraio island, in the mouth of the Amazon river. 

The virus was isolated from a blood sample collected on the March 6, the patient 

being on the 4th day of illness. About five weeks before, his brother wos admitted to the some 
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hospital in Belem; he' had jaundice and black vomiting, and died on February 9, but no 

'Pecimens were submitted for the laboratory diag'nosti c of yellow fever. 

A field team cnoved to the Gurupa at the end of March, where they collected' ! blood 

6-om humans, being 12 for attempted viral isolation and 380 for serology. Of these, 305 were 

obtained at the Jaburu river ~ 34 at the Tauari river and 41 at the Muloto river. No virus could 

be isolated from the 12 blood. Eleven per cent of the 380 persons hod both' HI and CF antibodies 

to YF virus. All of them dennied previous YF vaccination. In addition, it was gathered that 

approximately 20 persons living in the Jaburu & Tauar; rivers experienced a disease compatible 

with yellow fever, with 6 deaths, plus about 30 cases with 9-11 deaths ot the Mulato and Ajuruxi 

rivers. These cases occurred during December 1973 and January-February 1974. A few hundred 

persons live in these rivers. Vaccination against YF was started in April. 

It was also learned that moribund monkeys were observed in the forests in December 1973 

and January 1974. No virus could be isolated from the blood of 8 monkeys shot in the local 

forests. However, 2 of them had specific HI antibody to YF virus and another 2 showed a broad 

group B type of reaction. 

155 mosquitoes were collected in the canopy. Of these, 132 belonged to the genus 

Haemagogus, and they were inoculated into baby mice as 7 pools, yielding one strain of YF virus, 

6-om a pool of 25 Haemagogus. The other mosquitoes were ~abethes chioropteru~ (1 pOOl of 13), 

Sabethes cyaneus (1 pool of 3) and Ae. leucocelaeneus (1 pool of 7). 

Yellow fever has also been recorded in other areas of Para State during 1974. One case 

each occurred in Itupiranga, MarabO and in Tome-Ac;u, all south of the Amazonas river. The 

diagnosis was made by histopathology. 

(Francisco P. Pinheiro, Gilberta Bensabath and Amelia P.A. Travassos da Rosa ) 
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Table 1. HI antibodies in humans accarding to the time resiance in the municipality. of Samarem Y\pril-July), 1973 

A N T r G E N S • Time of 
.8 :t II ~ ..G a 8 N9 Positivev 

~ 
... 

&. a ..c 8, ::t II % residence 1· ... '5 a:I i u ... E w E ::t It e ::t 0 ;; ..c ::t .... 
W W ~ ~ c: 8. "" :;;: N9 Tested w 8 e ~ 'II e I:! a 8. ':;: c: '0 

In months w ~ ..c , U ::t a It -~ ::t U - = U a C> e ::> J! u 
~ '" I) U e a c 

0 - U ... 4; 

< 1 1 1 2/2 100 

1 - 6 1 1 1 6 1 17 3 1 2 1 1 2$138 65,7 

.>6 1 4 44 14 28 27 52 18 2 198 '19 16 20 9 1 25 1 ' 1 1 3 341/682 50 

Unknown 1 1 5 2 1 1 1 1 1 9/22 40,9 

• All sera negative to Sussuquara and An 174214 viruses. 

Areas surveyed: Santarem, Colonia Guarana, Ruropolis Km 350, Ari 'opera, Mojur dos Campos, ColonIa CUl"Upira and ColOnia Barra Branca 



Table 2. Vertebrates captured at two areas of the newly openned highways of the Amazon region 

1973 

• 
Km 212 of Santorem-Cuiab(i Km 212 of Itaituba-Jacareocanga 

Ariimals 
highway (April-July) section of TransAmazon highway 

(October-December) .. 
Marsupials 

Didelphis m. marsupialis 18 19 
philander ~. opossum 23 
Metachirus n. nudicaudatus 1 2 
Marmosa c. ci nerea 17 12 
Marmasamu~ 28 3 
MOnodelp~ 51 1 • 

Rodents 
Proechlmys 102 35 
Oryzomys capito (?) 136 24 

... 
oryzomys macconnelH 35 
Oryzomys oecomys 18 
Neacomys 12 
Nectom~s 27 
ROt unin entified 8 
Echimys 1 
OOsyp!'octa 3 3 
Cuniculus paca 3 
Agouti paca 7 
Sciurus-- 2 

Prlmata 
Alouatta 21 4 
Cebilsa.~ 13 9 
Q;J'11CehUs 5 1 
Callithrix 4 
Chir0p?tes albinasus (?) 1 4 
salmlrl s. sclureus 1 
AteTeS- 7 3 
l:OgCii'hri x 4 
Phitecia 7 

Other animols 
~ "idactylus 1 

r azama? 2 2 
Wild pig 4 2 
Eira barbara 1 
Dasypus 2 
Felis 1 
Bats 6 13 
land turtle 10 5 .. 
Frogs 1 1 
Toads 3 
lIzzards 5 3 
Snakes 2 3 • 
Alligator 1 

Birds 1.283 561 
• 

• 
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N9 Order 

r 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

~ 
., 

Date Virus 

30.05.73 New type (?) 
04-12.06.73 Irituia 
05.06.73 New type (?) 
12-30.06.73 SLE 
29.06.73 Uno 
31.10.73 SLE 
01.11.73 SLE 
01-15.11.73 WEE 
08.11.73 Gr. B 
10.11.73 Gr B(SLE?) 
14.11.73 Kwatta 
14.11.73 WEE 
15.11.73 Turlock 
15-16.11.73 Turlock 
16.11.73 Kwotta 
17.11.73 SLE 
19.11.73 Turlock 
21.1,1.73 Mirim 
28.11. 73 SLE 
04.12.73 SLE 
04.12.73 SLE 
04.12.73 SLE 

----

Table 3. Virus Isolated from animals and ortfropods 

Santarem-CuiabO, km 112 (April-july 1973) 

ltaituba-Jacareacanga, km 212 (October-December 1973) 

" 

Number Species 
Specimes or 

Pool size 

An 238209 Frog Blood 
Ar 243090 Ph'Iebotomus spp ~ 119 
An 238758 Or~zomys Blood 
Ar 242587 Cu ex (culex) declarator 25 
Ar 242256 Aedes~s 17 
An 246407 Hyloph~lax p. poecilonota Blood 
An 246262 Oidelp is m:- mal"supialis Blood 
Ar 249748 Culex (melanoconion) taeniopus 24 
An 247244 Hypocnemis cantator Blood 
An 247287 MyrmobOrus myo;herinus Blood 
An 247304 Phlegapsis nigromaculata Blood 
An 247319 Conopophaga aU'ita Blood 
An 247334 Myrmotherula longipennis Blood 
Ar 249443 Culex (culex) declarator 26 
An 247344 Myrmoborus myotherinus Blood 
An 247377 Hylophylax f.. ~ecilonota Blood 
An 247387 HYloph~lax f.. £oecilonota Blood 
Ar 249709 Culex melanoc()nion) taeniopus 21 
An 248376 Alouatta Blood 
An 249398 Ateles Blood 
An 248450 Ateles Viscera 
Ar 249670 f:1Jex (culex) sp. 24 

N9 1-5 - from Santarem-CuiabO section 
N9 6-22 - from Itaituba-Jacareacanga section 

.. , • 

Relsolatlon Method of capture 

Negative By hand 
Negative Human bait ground 
Positive Trapping 
Negative (suction &net}Tree trun k 
Negative Human bait ground 
Positive Mist net 
Positive Trapping 
Positive Trinidad n9 17 
Inconclusive Mist net 
Negative Mist net 
Not done Mist net 
Negative Mist net 
Positive Mist net 
Positive Human bolt ground 
Positive Mist net 
Positive Mist net 
Positive Mist net 
Negative Human bait ground 
Positive Shot gun 
Positive Shot gun 
Negative Shot gun 
Negative Human bait ground 



REPORT FROM THE ARBOVIRUS LABORATORY, INSTITUTE PASTEUR AND 
O.R.S.T.O.M., CAYENNE, FRENCH GUYANE 

1. Virologic studies. 

1.1 Isolations from humans. 

268 sera taken from man in Guyane have been inoculated in attempts 
to isolate arboviruses. A total of 9 strains have been isolated: 5 of 
Mucambo, 1 of Ilheus, 1 of the VEE group other than Mucambo and Pixuna, 1 of 
a virus similar to Murutucu, and l' of an apparently new virus (CA Ar 16468). 

Mucambo virus. The five strains of Mucambo virus were all isolated 
from laboratory workers who had handled the virus. 

Ilheus virus. Ilheus virus strain was isolated from a patient with 
falciparum malaria; this isolation was confirmed by detection of specific 
antibody in the convalescent serum. It was also proved by intrathoracic 
inoculation of infected serum into Aedes aesypti mosquitoes. 

VEE-related virus (strain CA H 73-379). This virus, apparently 
neither Mucambo or Pixuna, was also from a patient with falciparum malaria, 
and was confirmed by detection of IRA and CF antibodies in the convalescent 
serum. The convalescent serum fixed complement at a 1:64 dilution in the 
presence of the strain isolated from the acute serum and of a strain isolated 
earlier from birds; but only at 1:8 in the presence of Mucambo, Pixuna and 
Ca AR 508. The cross reactions are shown in the following table: 

Ascites immunes 

Antigenes CA An 410 d :CA H 73-379 Mucambo Pixuna :CA Ar 508 

CA An 410 d 64/16 128j16 8/16 <8/8 (8/16 

CA H 73-379 32/32 64/32 < 8/8 (8/8 (8/8 

Mucambo 16/4 16/4 32/8 8/16 (8/8 

Pixuna < 8/8 8/8 < 8/8 128/128 (8/8 

CA Ar 508 8/16 8/16 8/8 8/8 128/16 

Murutucu-like virus. This strain was isolated from the blood of a 
patient with a fever and myalgia, followed by asthenia. The isolation was 
confirmed by inoculation of serum intrathoracically into the mosquito, 
Aedes aegypti. 
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.. 
CA Ar 16468. This virus is different from all the strains in our 

possession. Serological confirmation was not possible, as the patient died 
before a convalescent serum could be obtained • 

1.2 Isolations from wild vertebrates. 

A total of 2,125 birds were captured; selected organs (liver, heart, 
brain) and blood (diluted 1:5) were inoculated separately. Sixteen virus 
strains were isolated, as listed below. 

CA An 128 d (5 strains). This virus is different from any we possess. 
It passes with difficulty through a 0.22 milipore filter and does not give a 

• hemagglutinating antigen. 

.. 

.. 

Guama group (1 strain) 

CA An 410 d (1 strain). This is a virus of group A different from 
Mucambo, Pixuna and CA An 508 a. This strain is certainly authentic because 
it is the first of its type in our laboratory; the strains from man and 
mosquitoes were all isolated after this strain was isolated. Cross reactions 
in the CF test with various viruses of the VEE complex have been highest with 
strain CA H 73-379, described in paragraph 1.1. In seroneutralization tests, 
results are as follows: 

I 

Asci tes: immunes . . 
S~rum non CA An 410 d Mucambo immun 

CA An 410 d 
Ti tre d u virus 9 <2 7,5 

Indice de )7 1,5 neutralisation 

Titre du virus 8,5 5,5 3,8 

Indice de 3 4,7 neutralisation 

Mucambo 

Mucambo (5 strains) 

Ilheus (3 strains) 

CA An 1093 a (1 strain). This virus is dif£erent from any others 
we possess. 

No isolations were obtained from the organs and blood of 100 rodents 
tested. 
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1.3 Arthropods. 

A total of 338,439 mosquitoes were tested for virus in 4,116 lots. 
The following viruses were isolated: 

Mucambo (1 strain), from Lutzomyia !£. 
CA An 410 d (6 strains), from Culex portesi. 
Una (2 strains), from Psorophora ferox and f. venezuelensis. 
Murutucu (6 strains), 5 from f. portesi and 1 from Anopheles Eeryassui. 
Guama grouE (10 strains), all from £. Eortesi. 
CA Ar 16102 (1 strain), from 100 Culex albicosta. This strain is 

different our possession. 
CA Ar (1 strain), from Aedes serratus, different from any in our 

possession. 
CA Ar 16551 (1 strain), from Mansonia titillans, different from any 

in our possession. 
CA Ar 16652 (1 strain), from Anopheles peryassui, different from all 

the reference strains and all previously isolated viruses. 

2. Immunologic studies. 

2.1 Human sera. 

2.1.1. Sera from military personnel of metropolitan France in 
Martinique, Guadeloupe and Guyane. A total of 1,424 sera were taken from 
personnel at arrival and departure from the territory. Tests have shown a 
high incidence of dengue among the populations of Martinique and Guadeloupe. 
Serological conversions in the group B observed were due to yellow fever 
vaccination received on arrival in Guyane. Circulation of viruses of groups 
A and B is very weak, and the cases are always sporadic. 

2.1.2. Martinique. 659 sera of children have been studied, of which 
378 were from children 0-4 years of age. Dengue antibody was not found. 
There has been no circulation of the virus since the last epidemic in 1969. 

2.1.3. Guadeloupe. 181 sera were studied. They gave results 
identical to those of Martinique. 

2.2 Animal sera. 

A study was carried out on 200 sera of bovines in the province of 
Guadeloupe. None showed antibodies. 

Studies on the sera of rodents collected in Guyane showed that these 
animals play an important role in the cycle of the CA An 410 d virus of the 
VEE complex. 

(J-P. Digoutte) 
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REPORT FROM THE SAN JUAN LABORATORIES, BUREAU OF LABORATORIES, 
CENTER FOR DISEASE CONTROL, SAN JUAN, PUERTO RICO 

Continuing dengue-2 activity in Puerto Rico 

Sporadic cases and localized outbreaks of dengue-2-(DN-2) have been 
documented annually since the 1969 epidemic which involved virtually the 
entire northern half of Puerto Rico (1-4). The III)st recent outbreak 
occurred in Villalba in the late summer and fall of 1973, affecting an 
estimated 4,000 persons (5). 

The first half of 1974 was unusually d~, and only 4 laborato~ 
confirmed cases (San German, 2; Santa Isabel, 1; Villalba, 1) were 
documented through September. Some weeks following the onset of rains in 
August, Aedes aesypti house indices increased, and during October 1974, 
surveillance con ucted by the Puerto Rico Health Department (PRHD) and 
the San Juan Laboratories, Center for Disease Control, indicated an 
increase in dengue-like illness in the southwestern part of the Island. 
A total of 38 dengue cases were confirmed in seven communities during 
October 1974 through January 1975 (Table). Control activities directed 
against &.. aegypti III)squitoes were initiated by the PRHD. 

To assess an apparent outbreak in Tallaboa Alta near Peftuelas, on 
December 3, 1974, survey teams visited every tenth occupied house in the 
community to collect morbidity information and diagnostic specimens. 
Thirty-eight households were visited, clinical information obtained on 
204 family members, and serum obtained from 45 persons reporting febrile 
111 ness dun ng the previous 2 months. El even of the serum specimens were 
collected from individuals reporting onset of illness within 2 days, and 
from 3 of these DN-2 virus has been isolated and identified by complement 
fhati on. 

Convalescent serum specimens were requested 5 weeks after the first 
survey, and of 36 serum pairs obtained, 18 (50S) showed seroconversion to 
dengue virus by complement fixation and/or hemagglutination inhibition 
test. An additional 5 (14%) of the 36 pairs showed ve~ high titers of 
dengue antibodies, indicating recent infection. Eighty-three of the 
204 household members (41%) experienced febrile illness during the 
2-month peri od' prior to the survey. ' 

A. aegypti control was initiated by the PRHD in the community, and 
apparently no new cases have occurred since mid-December 1974. Sporadic 
cases of dengue-like illness continue to occur, however, in other areas 
of southwest Puerto Rico. The location of comunities with confirmed 
dengue during October 1974 through January 1975 is shown in the figure. 
In view of the abundance of A. ae~pti vectors and of susceptibles in 
the human population, it is not c~ar why the limited'activity described 
above has not become more widespread. 

Submitted by: 
Staff, San Juan Laboratories 
Bureau of Laboratori es, CDC 
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TABLE 
lABORATORY CONFIRMED CASES OF DENGUE 

DETECTED BY SURVEIllANCE SYSTEM, 
OCTOBER 1974 THROUGH JANUARY 1975, 

PUERTO RICO 

T~n Oct Nov Q!.£ Jan -
Cabo ROjo 3 
Coamo 1 5 3 
Guayanill a 1 2 6 
Juana Diaz 2 
Penuelas 8 1 4 
Ponce 1 
San Gennan 1 

Total 14 6 9 9 

FIGURE 
COMMUNITIES WITH CASES OF lABORATORY CONFIRMED DENGUE 

OCTOBER 1974 THROUGH JANUARY 1975 
PUERTO RICO 

• San Gennan Tall aboa 
Cabo Rojo •• Alta • Coamo 
• Penuelas • Juana Diaz 

Guayan ill a • .Pon 

REFERENCES 
1. likos~t W.A., et al. An epidemiologic study of dengue type 2 in 

Puerto Rico, TIf6~ Amer. J. Epidemio1. 97:264-275. 1973. 
2. Center for Disease Control. Morbidity and Mortality Weekly Report. 

21(44):375-376, 4 Nov 1972. 
3. Ibid. 22(7) :60, 17 Feb 1973. 
4. RYrnzo, W.T., Jr., Cline, B.l., Kemp, G.E., Sather, G.E., and 

Craven, P.C. Dengue outbreaks in Guinica-Ensenada and Villalba, 
Puerto Rico, 1972-1973. In preparation. 

5. Center for Disease Control. Morbidity and Mortality Weekly Report. 
22(45):373-379, 10 Nov 1973. 
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REPORT FROM THE NATIONAL DIAGNOSTIC AND REFERENCE CE~n:~;\ 

INSTITUTE OF HEALTH AND TROPICAL DISEASES, MEXICO, D.,:. 

Preliminary report on an outbreak of encephalitis occurring in HemosLllo, 
Sonora, Mexico, in 1974 probably caused by St. Louis encephalitis '.'iT.t:J2. 

Between the first of August and the 25th of September 1974, a l. ()ta1 of 
51 cases of encephalitis which required hospitalization were prese;-,L.::J in the 
township of Hermosillo. The cases were scattered geographically, ,-:j th most 
of them occurring within the city limits but also in a total of 13 localities 
in the surrounding township. 

The case fatality rate was 20%; males and females were attacked equally, 
with 69% of the cases being children under 15 years of age. 

Hermosillo is in a warm desert valley, a large part of which .is irrigated 
by water from the Abe1ardo Rodriguez Dam at the east side of the ci The 
whole area has 230,000 inhabitants of whom about 205,000 are living in the 
city of Hermosillo. A prosperous chicken industry exists in the regLon. The 
veterinarians have reported no epizootics in either domestic or wild animals 
at this time. 

The first cases occurred in residents of the city with more til;:m half 
being in the northeast section. It is probable that many more cases TJith 
mild symptoms occurred but were not reported. 

The clinical course of the disease was characterized by fever, vomiting, 
headache, nuchar rigidity and somnolence; in 5 patients tracheotomy ~,jas 

necessary. 

In patients who recovered, the hospitalization period averaged 10 days. 
There was no intrafamily or intrainstitutiona1 spread of the disease from 
person to person. 

We received 276 sera from persons of different population groups, from 
affected areas and from nonaffected areas; 23 sera were from patients (from 
eight of whom there were two sera, the first one from the acute phRse and the 
second one obtained 10 days later). 

As shown in Table 1, 100% of the sera from patients were positive by HI 
with the SLE antigen. 65% of the sera were positive with VEE anti;:ell, which 
is in accordance with an outbreak of VEE in August 1972 in which many human 

, infections occurred and 1,167 equines became infected and died. 

In the paired sera we showed fourfold increases in titers to SLE antigen. 
With VEE antigen no such increases were found. 

Among the sera from the 23 patients, 74% showed positive titers for SLE 
of 1:40 or higher (Table 2); for VEE, only 17% of the sera attained this 
titer. 
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In the irrigated desert valleys of southern California which arelsimilar 
to those qf Hermosillo, arbovirus activity, SLE and WEE, was reported which 
could be related to the present outbreak. It is probable that the large 
number of domestic fowl which are bred in the area could have played a role. 
There are records since 1950 of possible small outbreaks of encephalitis with 

·15 deaths in that year and successively each year. Neurological disease has 
occurred in humans coincident with the rainy season and increases in the 
mosquito population and environmental temperature. Even in the absence of 
rainfall, suitable conditions for arbovirus transmission prevail, as there 
is constant presence of irrigation water. 

Studies of CF and NT antibodies in these sera are also being made, as 
well as a search for antibodies to other group B viruses. We intend to 
isolate in later work the etiologic agents from new clinical cases and from 
natural reservoirs. 

TABLE 1. HI TEST ON 23 SERA FROM 
PATIENTS SUSPECTED TO HAVE VIRAL 
ENCEPHALITIS. 

POSITIVE SERA 

No. 0/0 

VEE 15 65 

SLE 23 100 

TABLE 2. HI TITERS OF 23 SERA FROM 
PATIENTS WITH ENCEPHALITIS. 

TITERa 

20 40 

No. % No. 

VEE 12 52 3 

SLE 5 26 17 

% 
17 

74 

a. Reciprocal of the dilution of the 
Sera. 

(Dra. Maria Luisa Zarate A., Dr. Abel Gonzalez Cortes, Dr. Jesus Guzman, 
and Margarita Guerrero Sarinana) 

lMorbidity and Mortality Weekly Report, 1974, CDC, Atlanta, Ga. 23:34:293-294. 
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REPORT FROM THE FLORIDA MEDICAL ENTOMOLOGY LABORATORY 
STATE PIVISION OF HEALTH, VERO BEACH, FLORIDA 

A 6-year study of the seasonal feeding pattern of Culex nigripalpus, the 

primary vector of SLE virus in Florida, revealed that the summer shift from avian 

to mammalian hosts corresponded with the onset of the rainy season. During two 

of the six years studied the rains, which normally start around late ~~y, did not 

begin until mid-August and the shift to mammalian hosts also was about 3 months 

delayed during the same two summers. Further study of flight behavior strongly 

suggests that £. nisripal~us mainly fly in damp wooded habitats (where avian hosts 

roost) during dry periods but on nights following afternoon showers, the usual 

pattern of summer rain, they readily invade open terrain where cattle and other 

mammals, but very few birds, are found. 

The feeding patterns of engorged Culex (r,:;.elano(.;oni~!l) <:l"u. q':0::,:;,.;:,~tyr~;:) 

collected in Mahogany Hammock, Everglades National Park, were studied by precipitin 

and hemoglobin crystallization tests on the blood meals of females identified to 

species. This South Florida site was shown to be an enzootic focus of VE virus 

(involving native rodents and £. (Melanoconion) mosquitoes not identified to species) 

through studies conducted by CDC scientists in the 1960's. CUlex pilosus fed 

principally on lizards, CUlex iolambdis on birds, and opisthopus on rodents 

(40%) and deer (20%). Other hosts of £. opisthopus included raccoon, opossum, 

amphibian, and passerine bird. Test on mosquitoes from Vera Beach showed a 

similar host-feeding pattern for these 3 species and also indicated that Culex 

erraticus fed prinCipally on birds and CUlex peccator on poikilotherms. Based 

on these feeding patterns it appears that £. opisthopus is the only Melanoconion 

suited to serving as an enzootic vector among rodents in the Park area. The 

specific rodent hosts of £. opisthopus were then determined from a second group 

of engorged female~ by emPloying the hemoglobin crystallization test described 

by Washino. Among rodent feedings, the cotton mouse (= white-footed deer mouse) 

was the most common blood found '(63%) , followed by the cotton rat (29%), rice rat 

(5%), and wood .,.. .. t, (3%). These feeding percentage R 'l.r~ in line with the population 

estimates for these rodents in the Park area as reported in the CDC st.udies. The 
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. number of deer feedings found suggests that this host should at least be considered 

a potential dispersal mechanism for the virus between the widely scattered hammocks 

in the everglades. 

Efforts to develop a histological technique fbr the recognition of multiple 

blood feeding by mosquitoes are continuing. The key to the method is the peri

trophic membrane which is secreted almost immediately after blood-feeding and 

becomes a distinct layer around the blood bolus within 6 hours. Sections of 

double meals, representing many time combinations, were examined and the presence 

cf ~":c :cp::.rc.t: :nee-1=: in the L'"J.c.S'J.t could be c.ccurc.tcl;r dio.gr.oscd 8c-~ of the 

time. Even two meals separated by as little as 1 hour were often recognizable. 

Plans are to use this method to assess the multiple feeding behavior of a field 

popula tion of Q. nigripalpus this year. 

(l'laurice W. Provost) 

124 

• 

• 

• 



.. 

.. 

REPORT FROM THE FLORIDA DIVISION OF HEALTH 
JACKSONVILLE, FLORIDA 

As part of general virus diagnostic services provided to the 
medical community in Florida, we tested sera from 767 patients against 
a battery of antigens associated with central nervous system diseases 
during the period January 1974 - December 1974. Sera from four 
patients showed low-level Group B Arbovirus HI antibodies when 
tested against both SLE and Dengue antigens. All four patients 
were prior residents of a Dengue endemic area. One case of EEE 
was detected in a two month old infant. 

Sera from 616 wild mammals were tested as part of our ongoing 
statewide surveillance. Twenty-four VEE and five Group B reactors 
were found in a South Florida area where VEE (Fe 3-7C) is endemic. 

Human and Animal Sera Screened 
by the HI Technique with Arbovirus Ant1gens* 

January 1974 - December 1974 

Soeci.s NumbeX" of Sera Resctors 

Human 767 ,1 EEE -
8 Group B ..-

Horses 34 3 WEE 
8 EEE , 3 Group B 

Field Specilllens 
616 & Group B (l1lililiiii11 ) 

24 VEE 0 

Sentinel Fowl Sera 318 0 

. 
Total 1,73& &2 

* Arbovirus Antigens. 
EEE - Eastern Equine Encephalitis 
WEE - Western Equine Encephalitis 
SLE - St. Louis Encephalitis TBH-28 
VEE - Venezuelan Equine Encephalitis ~83 and/or Fe3-7c 

- The EEE represents a two month old infant. 

*** Four patients' paired sera had constant low level HI antibodies with 
both SLE and Dengue antigens. Patients were prior residents of a 
Dengue end8llli c a rea • 

• Field speci .. ns, South Florida study areas, where VEE'(Fe3-7c) is 
endemic. 

(N.J. Schneider and E.E. Buff) 125 



REPORT FROM THE VIRAL AND RICKETTSIAL PRODUCTS BRANCH 
BIOLOGICAL PRODUCTS DIVISION, BUREAU OF LABORATORIES, 

CENTER FOR DISEASE CONTROL, ATLANTA, GEORGIA 

Production methods for mouse ascitic fluid reference reagents 

In the production of large volumes of immune mouse ascitic fluids for 
distribution as reference reagents, the volume of final product obtained 
from a given number of mice is of considerable economic importance. After 
mice have been immunized and inoculated with sarcoma cells, ascitic fluid 
can be collected several times before the mice die from the ascitic condi
tion. If the quality of antibody content of these serially collected fluids 
is satisfactory, the cost of production is greatly reduced. 

When ascitic fluids are processed by the methods still employed in many 
laboratories, a significant loss in volume occurs. The methods referred to 
consist of removing fibrfnogen clots by repeated freezing, thawing, and 
centrifuging before filtration. The removal of fibrinogen by acid precipita
tion as described by Chiewsilp and McCown (1) minimizes the reduction in 
volume of the final product. 

We were interested in comparing antibody titers of ascitic fluids 
collected at weekly intervals after development of ascites. We also decided 
to determine the effect of clot-removing treatment on antibody titers. 

Six-week-old female mice (Swiss-Webster, ICR) were immunized with 
Venezuelan equine encephalomyelitis, strain TC-83 (VEE) antigen prepared from 
infected suckling mouse brains. The immunizing antigen consisted of a 10%, 
W/V, brain suspension in phosphate buffered saline (pH 7.8). The suspension 
was blended for 2 min at the highest setting of the Omni-Mixer (Ivan Sorvall, 
Inc., Norwalk, Conn.) and left in an ice bath for 30 min. It was then clari
fied by centrifugation for 20 min at 1060 x g. The supernatant fluid was 
used as the immunizing antigen. It had an LD50 titer of 107.5/0.02 ml in 
suckling mice by the intracranial route. Mice were immunized by the schedule 
shown in table 1. 

Ascitic fluids were collected from all distended mice on days 35, 41, 
and 48. After clot formation at room temperature, the clots were broken up 
with a pipette and fluids were centrifuged for 1 hr at 16,318 x g (2). 
Clarified fluids were stored at 4 C overnight and then divided into equal 
volumes. One-half of the fluid was centrifuged again as described above and 
the other half was treated with 2 M glacial acetic acid until the pH was 
lowered to pH 4.8 by the method of Chiewsilp and McCown (1). The precipi
tated fibrinogen was sedimented by centrifugation for 1 hr at 16,318 x g. 
The clarified fluid was then neutralized to pH 7.2 with 2 N NaOH in an ice 
bath with constant stirring. Centrifuged ascitic fluids were stored at 
-20 C. At weekly intervals, all batches of ascitic fluids were thawed and 
clarified by centrifugation. Samples were collected at each freeze-thaw 
interval for antibody testing. 
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The ascitic fluids that were not acid precipitated continued to form 
clots during each freeze·thaw cycle; whereas, no clot formation occurred 
after acid precipitation. 

All of the fluids were sterilized by filtration through 0.22 p Millipore 
filters. Acid precipitated fluid was filtered successively through 8.0 p, 

• 3.0 p, 0.45 p, and 0.22 p filters. Nenacidified fluid had to be prefiltered 
before passage through the above series of filters. The time required to 
filter acid precipitated fluid was about one-half that required for the 
unprecipitated fluid. Based on the ascitic fluid collected from 400 mice, 
there was about a 26% loss in volume of flutd processed by the centrifugation 
procedure. The volume loss in fluid subjected to acid precipitation was 
about 16% of that collected from mice. 

Antibody titers are presented in table 2 as measured by complement fixa· 
tion (CF), hemagglutination inhibition (HAl), and neutralization (LNI). 
There was no effect on any of the antibodies measured with respect to 
(a) time ascitic fluid was collected, (b) method of removing clot, and 
(c) number of freeze-thaw cycles. 

It can be concluded from this investigation that mouse ascitic fluid 
for VEE can be produced economically by mIJltip1e paracentesis followed by 
acid precipitation and filtration. This procedure is currently being used in 
this laboratory for the production of ascitic fluids for other arboviruses 
and also viruses in other classification groups. 

(W. Adrian Chappell, William C. Gamble, and Edwin H. George) 

References: 

(1) Chiewsi1p, Dumrong and Jack M. McCown. 1972. Elimination of repeated 
clot formation in mouse ascitic fluid containing arbovirus antibodies. 
Appl. Microbiol. 24:288-289. 

(2) Chappell, W. Adrian, Matthew A. Bucca, Lendell A. White, and 
William C. Gamble. 1972. Production Manual for Viral, Rickettsial, 
Chlamydial, and MYcoplasmal Reagents, 5th edition, Center for Disease 
Control, Atlanta, Ga. 
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Table 1. Immunization Schedule 

D~y of Volume of Route of 
Injection Inoculum Injection 

0 1.0 ml intraperitoneal 

14 0.2 ml II 

21 0.2 ml II 

24 0.2 ml II 

* Freund's complete adjuvant (2) 
** Sarcoma 180/TG (2) 
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Composition of Inoculum 

Equal volumes of antigen 
and FCA* 

Equal volumes of antigen 
and FCA* 

Sarcoma cell s** 

Antigen only 
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Table 2. Effect of Treatment on VEE Antibody Titer 
in Mouse Ascitic Fluid 

Day Number 
Ascitic Tap Clot of 
Fluid No. Removing Freeze-Thaw 
Collected Treatment Cyc1 es 

35 1 Centrifugation 0 
35 1 Acid precipitation 0 

35 1 Centrifugation 1 
35 1 Acid precipitation 1 

35 1 Centrifugation 2 
35 1 Acid precipitation 2 

35 1 Centrifugation 3 
35 1 Acid precipitation 3 

41 2 Centrifugation 0 
41 2 Acid precipitation 0 

41 2 Centrifugation 1 
41 2 Acid precipitation 1 

41 2 Centrifugation 2 
41 2 Acid precipitation 2 

48 3 Centrifugation 0 
48 3 Acid precipitation 0 

48 3 Centrifugation 1 
48 3 Acid precipitation j 1 

* CF titer 
** 
*** 

Hemagg1utjnation inhibition titer 
Log neutralization index 
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Antibody Titer of 
Ascitic Fluid 

CF* HAI** LNI*** 

1: 256 1: 80 4.3 
1: 256 1 :80 4.3 

1: 128 1 :80 4.3 
1:128 1 :80 4.4 

1: 256 1 :80 4.0 
1: 128 1 :80 4.3 

1: 256 1: 160 4.3 
1: 256 1 :80 4.1 

1:128 1 :80 4.3 
1: 128 1 :80 4.2 

1: 128 1: 40 4.3 
1 :64 1 :80 4.1 

1: 128 1 :80 4.0 
1 :64 1 :80 4.0 

1: 256 1: 40 4.2 
1: 128 1 :80 3.9 

i 

1: 128 1: 40 4.2 
1:128 1 :80 4.0 



REPORT FROM LIFE SCIENCES DIVISION 
MELOY LABORATORIES, INC. 

SPRINGFIELD, VIRGINIA 22151 

We have previously described the isolation of temperature 
sensitive (ts) mutants of dengue virus type 2 (DEN-2, TH36 
isolate). These mutants were obtained by propogation of cell 
culture-adapted virus (P3Tll) in primary hamster kidney cell 
culture (HKCC) containing 5-azacytidine (25-100 ~g/ml). Clones 
were isolated by the direct immunofluorescent technique in HKCC. 
Temperature sensitivity was assessed by titration of clones at 
the permissive (33.5°C) and non-permissive (40°C) temperatures, 
by titration of 33.5 and 40°C yields at 33.5°C, and by inoculation 
of suckling mice. P4 refers to virus in its fourth suckling 
mouse brain passage. 

By these various tests, 7 ts mutants were isolated from 138 
clones tested. Of these,S have proven sufficiently stable to 
permit partial characterization. Complementation analyses were 
performed as follows. Lab-Tek 8-well dishes were inoculated with 
0.2 ml of a given ts clone, or 0.1 ml of each of 2 different 
mutant clones. Two replicates per experiment were performed. 
Each possible combination was tested from 4 to 7 times. The 
yield from each well was titrated by the direct immunofluorescent 
(FFU) method at 33.5°C. Table 1 shows that ts-l and ts-7 appear 
to form a single complementation group, while ts-2 and ts-3 each 
appear to form a separate complementation groups of their own. 
Mutant ts-5 did not significantly complement any of the other 4 
clones and may represent a non-complementable or multiple mutation. 

In attempts to ascertain whether these mutations had any 
correlation with quantitatable biochemical or biophysical 
properties, several experiments were planned. Heat stability 
at 40, 47, and 56°C did not yield much useful information, due 
to the low titer of the mutants and the relatively rapid inacti
vation rates at the higher temperatures. Assessment of hemagglu
tinin formation at the permissive and non-permissive temperatures 
is currently in progress. After a number of failures, a system 
for measuring viral RNA synthesis under permissive and non-permissive 
was devised. This method is a modification of that developed by 
Stollar and Stollar, employing a quantitative complement fixation 
assay specific for double stranded (ds) RNA. Normal LLC-MK2 cells 
were found to have a sufficiently low background of dsRNA to 
permit easy detection of viral material in infected cells. LLC-MK2 
cultures were infected with various mutants or wild type (wt) clones, 
and harvested at 24, 48, and 72 hr. Cytoplasmic extracts were 
assayed immunochemically for dsRNA. The results shown in Table 2 
for 24 hr harvests are similar to data for 48 and 72 harvests, 
and demonstrate that ts-l, ts-3, and ts-7 are RNA+, while ts-2 
and ts-5 are RNA-. This does not conflict with any of the 
complementation data. 
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In summary, mutants of DEN-2 TH36 isolate have been chemically 
induced, isolated, and partially characterized. Complementation 
among some of the mutants has been detected, and tentative 
complementation groupings have been established. An immunochemica1 
assay has been employed to successfully classify the RNA phenotype 
of the mutants. Previously, we reported that of the 7 ts mutants, 

• only ts-1 and ts-2 induced antibody synthesis in rhesus monkeys 
without producing detectable viremia. It is therefore concluded 
that the vaccine potential of a given mutant depends strictly on 
the properties of the expressed mutation, and not on which cistron 
bears the mutation. • 

A. S. Lubiniecki (Meloy Laboratories) and G. C. Tarr (Department 
of Microbiology, University of Pittsburgh, Pittsburgh, PA). 

ts-1 

ts-2 

ts-3 

ts-

ts-7 

Table 1. Complementation Indices a for Combinations of 
ts Mutants in HKCC at 40°C 

ts-1 ts-2 ts-3 ts-5 ts-7 

(1.22)b 5.46a 4.49 0.80 1.23 
<0.0005c <0.0005 >0.10 >0.10 

(0.78) 3.71 0.52 2.04 
<0.0005 >0.025 <0.005 

(0.73) 0.48 2.02 
<0.0005d <0.005 

(1.07) 1.68 
>0.025 

(0.82) 

a .. FFU (tsA x tsB) 
Comp1ementat10n 1n~ex ~CI) = FFU (tsA) + FFU (tsB) I geometric 
mean of 4-7 deterrn1nat10ns. 

bL0910 FFU/0.1 m1 yield of singly-infected cultures at 40°C, 
geometric means. Yields of 33.5° single infections are 4.32, 
4.34, 3.98, 3.51, and 3.18 10910 FFU/0.1 m1, respectively. 

cProbabi1ity that the· 2 mutants do not complement each other. 
Calculations involve the use of Student's t-test on pooled 10910 
CI data for each combination. 

dIn this case, ts-5 appears to significantly inhibit the 
replication of ts-3. 
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Table 2. Levels of dsRNA in Cytoplasmic Extracts of LLC-MK2 
Cells Infected with Various OEN-2 ts Mutant or wt Viruses 

ns RNALI06 cells at 
Virus (V) 33.S o C 40°C ~O/X' 33.S~ Phenot~Ee 

ts-l 234 231 0.51 RNA+ 

ts-2 114 121 0 RNA -
ts-3 125 187 0.72 RNA+ 

ts-S 94 152 0 RNA-

ts-7 145 266 1.57 RNA+ 

Si2{wt} 135 234 1.32 RNA+ 

P4 181 224 0.69 RNA+ 

CON 69 147 

aX'40/X'33.S = (ng RNAv-ng RNACON)40/(ng RNAv-ng RNACON}33.S. 

A given value was considered positive (i.e., X, = ng RNAy -

ng RNACON > 0) if the value of X' exceeded the upper 95% 

confidence interval about the control value. 
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REPORT FROM THE DEPARTMENT OF VIRUS DISEASES 
DIVISION OF COMMUNICABLE DISEASE AND IMMUNOLOGY 

WALTER REED ARMY INSTITUTE OF RESEARCH, WASHINGTON, D. C., 11. S. A • 

This laboratory has used the M 1/311 strain of Japanese encephalitis 
virus in plaque reduction neutralization tests (PRNT) for JEV antibody. 
This strain was isolated from ~. tritaeniorh~nchus in Japan in 1951 and 
was utilized in neutralization tests 1n studles defining the epidemiology 
of JEV in birds, swine, and humans in Japan (1-3). The M 1/311 strain 
was originally selected for these early studies because of its 9pecificity 
in neutralization (N) tests, a characteristic necessary to separate JEV 
infections from infections by other flaviviruses indigenous to Asia. 

Recent experience in this laboratory has re-emphasized that the price 
of increased specificity is often decreased sensitivity. Sera from 4 
marines stationed in Thailand who developed Japanese encephalitis were 
tested for JEV antibody. All 4 patients had rises to JEV (Nakayama) 
antigen in HAl and CF tests, but had minimal or no rise in N antibody 
against the M 1/311 strain (Table 1). Using the Nakayama strain, however, 
all 4 patients had greater than 4-fold rises in JEV N antibody. 

In order to explore this discrepancy, mouse hyperimmune ascitic fluid 
(MHAF) raised to the M 1/311 strain and rabbit antisera and MHAF (obtained 
from YARU) to the Nakayama strain, were used in PRNT against M 1/311, 
Nakayama, and the Peking JEV strains. Results are shown in Table 2. Anti
body induced by M 1/311 recognizes Nakayama and Peking identically to 
M 1/311. Antibody to Nakayama recognizes Peking as identical to Nakayama, 
but neutralizes M 1/311 to a significantly lower titer. 

Similar findings have been documented by Japanese workers. Yoshioka, 
et al have described identical antigenic relations in PRNT between 
Nakayama (NIH) and JaGAr-Ol (4). From inspection of their data, it is 
likely that M 1/311 is antigenically similar to JaGAr-Oli however, we have 
not tested this hypothesis. It would seem essential to use broadly 
reacting JEV strains like Nakayama, rather than M 1/311, for serologic 
diagnosis of human infections. 

, 

(F. H. Top, Jr., J. W. McCown, and W. E. Brandt) 

REFERENCES 

• 1. Buescher, E. L., et al. Immunologic studies of Japanese encephalitis 
virus in Japan.--IfI. Infection and antibody responses of birds. 
J. Immuno 1. 83: 605, 1959. 

2. Scherer, W. F., et al. Ecologic studies of Japanese encephalitis 
virus in Japan:- liI. Swine infection. Am. J. Trop. Med. Hyg. 8: 
698, 1959. . 
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3. Scherer, W. F., et al. Immunologic stud1es of Japanese encephal1tis 
yirus 1n Japa~--II. Ant1body responses follow1ng 1napparent human 
1nfect10n. J. Immunol. 83:594, 1959. 

4. Yosh10ka, I., et al. Ant1gen1c d1fferences of Japanese encephal1t1s 
v1rus stra1ns TnW. Mc D. Hammon et al. Immunization for Japanese 
encephal1tis. Igaku Sh01n, LTD, TOkyo, Japan, 1972. 

TABLE I 

JEV Ant1body T1ter (rec1procal) 

Pat1ent SerUll1 HAl CF Neutralizat10n 
(Nakayama) (Nakayama) M 1/311 Nakayama 

PM acute 320 < 8 < 10 59 
cony. 5120 32 < 10 720 

PK acute 160 8 < 10 < 10 
cony. 640 32 < 10 190 

JM acute < 20 <8 < 10 10 
cony. 320 8 16 320 

SP acute 160 16 < 10 16 
conv. 5120 64 19 115 

TABLE II 

Cross Neutral1zation Tests (PRNT) 
S e r u m 

M 1/311 Nakayama 
(MHAF) (MHAF) Rabbit 

V1rus: 
900* M 1/311 90 70 

Nakayama 700 390 470 

Pek1ng 1100 420 1000 
* rec1procal of PRNT t1ter 
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Report from the United States Army Medical Research Institute of 
Infectious Diseases, Frederick, Maryland 21701 

A Preliminary Report on the Cross Protection by Arenaviruses of the 
Tacaribe Complex Against Machupo Virus 

We carried out a series of experiments to measure the degree of cross 
protection provided by arenaviruses of the Tacaribe complex against Machupo 
virus infection of rhesus monkeys. Machupo virus produces a severe and 
usually fatal infection in rhesus monkeys that we have found to be similar 
to Bolivian hemorrhagic fever in humans. 

Six different arenaviruses listed in Table 1 were inoculated into rhesus 
monkeys at the specified dosages. The monkeys were held for various periods 
of time as indicated and then challenged with Machupo virus. The responses 
to challenge as shown in the Table were measured. Only two of the viruses 
given alone protected well against challenge. Tacaribe virus given at a 
dose of 6.3 10g10 60 days before Machupo virus challenge protected the two 
recipients against severe disease and detectable viremia (Group I). However, 
a tenfold lower dose, 5.3 10g10, of the same virus gave less protection when 
the monkeys were challenged 58 days later, as evidenced by severe illness 
in the monkeys and the subsequent death of one (Group II). Nevertheless 
this lower dose of Tacaribe virus protected monkeys in Groups III and IV 
challenged with Machupo virus 5 or 21 days after Tacaribe virus inoculation. 
A dose of 8 10g10 of Tacaribe virus given at the time of Machupo virus 
inoculation did not prevent severe disease although one of the two monkeys 
survived (Group V). 

Tamiami virus also protected against severe disease following Machupo 
virus infection. Each of two monkeys in Group VI which received 6.0 10g10 
of Tamiami virus were protected against severe disease when challenged with 
Machupo virus 2 months later. These two monkeys exhibited little or no 
viremia and their clinical signs were mild to moderate. 

One of the two monkeys in Group VII inoculated with Amapari virus 
showed no clinical response to virus challenge 58 days later, whereas the 
other became severely ill and died relatively early, day 14. We do not 
as yet know whether the survivor developed Machupo virus neutralizing 
antibody following challenge. All other surviving monkeys in the study 
developed neutralizing antibody to Machupo virus by day 28. 

Pichinde, Latino and Parana viruses given alone did not protect the 
monkeys from severe disease following Machupo virus challenge 2 months 
later (Groups VIII, IX and X). Two other monkeys, Group XI, given Parana 
and Latino viruses simultaneously were partially protected against Machupo 
virus challenge. They exhibited only moderate clinical signs and little 
or no viremia. 
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None of the monkeys showed evidence of clinical disease during the 2 
months following inoculation of Pichinde, Parana, Amapari, Tacaribe or 
Tamiami virus. One of two monkeys inoculated with Latino virus developed 
edema of the face. We do not know whether this was related to Latino 
virus inoculation. 

Although these studies were carried out with small groups of monkeys, 
they indicate a significant cross protection of monkeys by some of the 
viruses of the Tacaribe complex against Machupo virus. The protection 
may be relatively brief and may be closely associated with the dose of 
cross protecting virus. OUr data are not sufficiently complete as yet 
to allow us to determine with certainty whether all of the Tacaribe complex 
viruses infected the monkeys, but to date they indicate that most of the 
monkeys responded serologically to the original virus prior to challenge. 
Our preliminary evidence at this time suggests that the protection afforded 
does not correlate well with either neutralizing or complement fixing 
antibody against Machupo virus. 

(Gerald A. Eddy) 
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Group 

1 

II 

111 

IV 

v 

VI 

VII 

VIII 

IX 

X 

Xl 

XII 

TABLE 1. CROSS PROTECTION AGAINST MACHUPO VIRUS IN RHESUS MONKEYS BY 
OTHER VIRUSES OF THE TACARIBE COMPLEX 

Cross Reacting Virus 
Virus Dose Day 

Tacaribe 

Tacaribe 

Tacaribe 

Tacaribe 

Tacaribe 

Tamiami 

Amapari 

Pichinde 

Latino 

Parana 

Parana + 
Latino 

Controls 

Log10 Inoculated 

6.3 

5.3 

5.3 

5.3 

8.0 

6.0 

6.0 

7.3 

5.4 

6.8 

6.8 
5.4 

None 

-60 

-58 

-5 

-21 

o 

-58 

-58 

-60 

-60 

-60 

-60 

Response to Machuyo Challenge!/ 

Mild (2) 

Severe (2) 

None to 
mild (2) 

Mild (2) 

Severe (2) 

Mild to 
moderate (2) 

None (1) 
Severe (1) 

Severe (2) 

Severe (2) 

Severe (2) 

Mild to 
moderate (2) 

Severe (6) 

None 

Intermit
tent to 
typical 

None 

None to 
intermit
tent 

Typical 

None to 
intermit
tent 

None 
Typical 

Typical 

Typical 

Typical 

None to 
intermit
tent 

Typical 

0/2 

1/2 

0/2 

0/2 

1/2 

0/2 

1/2 

1/2 

2/2 

2/2 

0/2 

6/6 

a. All monkeys were challenged with approximately 1000 pfu of Machupo virus 
on day O. 

b: Viremia was measured on days 7, 10, 14 and 17. Typical viremia consisted 
of detectable circulating virus on at least 3 of the 4 days sampled. 
Intermittent viremia was defined as detectable circulating virus on at 
least one but less than 3 of the 4 days tested. 
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REPORT FROM THE STATE OF NEW JERSEY DEPARTMENT OF HEALTH 
TRENTON. NEW JERSEY 

There were no isolations of arboviruses made in the New Jersey Department 
of Health laboratories during the first and second quarters of 1974 (January 1 
through March 31, 1974, and April 1 through June 30, 1974, respectively). 

The following table summarizes and tabulates findings concerning arbo
viruses and arbovira1 disease in the Woodbine, New Jersey, area for the third 
quarter of 1974. 

No evidence of arbovira1 disease was detected in humans or horses during 
this period. 

No isolations of arbov1ruses were made during the fourth quarter of 
1974, October 1 through December 31, 1974. 

(Martin Goldfield) 

Isolations from Arthropods in New Jersex 3rd Quarter 

virus and 
No. of Strains 

Group EE WE Isolated from Collected in Month Year 

A 1 C. melanura Woodbine June 1974 

A . 3 C. melanura Woodbin. July 1974 

A 14 C. melanura Woodbine August 1974 

11. 1 A. crucians Woodbine August 1974 

A 1 C. aalinariu •. Woodbine August 1974 , 

A 2 C. melanura Woodbine September 1974 
.... 

Totals 22. 
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REPORT FROM THE YALE ARBOVIRUS RESEARCH UNIT 
NEW HAVEN, CONNECTICUT 

Artificial feeding technique for mosquitoes: 

Certain possibly insect-transmitted viruses pose experimental 

difficulties as a satisfactory recipient host is not readily available 

for virus transmission studies. Accordingly various techniques were 

explored to overcome this difficulty. One method will be described . 

Aedes aegypti was the experimental host. 

Attempts to feed "free" or unconfined mosquitoes on defibrinated 

blood in finely-drawn capillaries (1 mm outer diameter) were accomplished 

by inserting the entire proboscis into the capillary and permitting the 

mosquito to dangle free. 

Using sharply-pointed jewelers forceps and an entomological micro-

scope, a lightly-anesthetized mosquito is firmly grasped at the base of 

its two wings. Shifting the closed forceps to the left hand and taking 

a "charged" capillary needle in the right hand, the capillary is quickly 

inserted over the proboscis. The capillary and proboscis are held 

together for a few seconds and then very gently, the forceps are relaxed 

from the wings and the capillary with dangling mosquito is transferred 

to a styrotex rack containing a series of holes into one of which the 
, 

capillary is inserted and the mosquito allowed to feed. This system 

• works as the serum quickly hardens around the capillary orifice, thus 

• 
holding fast the proboscis in position. Care must be taken to remove 

the first and second pairs of legs to prevent the female from using its 

legs as levers to free itself. 

Results. It may take 15-20 minutes to properly position a ,mosquito in 

the beginning but with practice the time can be reduced to 4-5 minutes. 
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In one experiment 80% of 49 exposed mosquitoes engorged on the 

capillary blood meal. No enhancement of feeding was noted when 

mosquitoes were exposed to blood meals over a 37°C water bath. 

A drawback to the technique is that some ejected virus may be taken 

up again by the feeding mosquito as there is no provision for blood 

circulation. Nevertheless, with this technique, low-passage dengue 2 

virus has been recovered from the capillary blood meal after being 

exposed to a feeding infected mosquito. (See Figures 1 and 2.) 

(Thomas H.G. Aitken) 

Antigenic similarity between Ganjam and Nairobi sheep disease (NSD) 

viruses: 

Dr. F.G. Davies, Veterinary Research Laboratory, KAbete, Kenya, 

informed the Director of YARU in December, 1974, that he had detected 

a strong reaction between NSD virus and a polyvalent grouping AF 

supplied to him by YARD at an earlier date. The AF, designated 

"Polyvalent Congo", had been prepared by immunizing mice with Congo, 

Bhanja, Dugbe, Ganjam, and Hazara viruses; the reaction between this 

AF and NSD virus was found by "an indirect fluorescent antibody method 

and by an indirect hemagglutination test". 

Specific immune sera and AFs for the above viruses have been sent 

to-Dr. Davies in order that he may test them against NSD virus; in 

the meantime and for urgent administrative and veterinary health reasons, 

an effort was made at YARU to determine which of the above viruses was 

related to NSD virus. A sample of mouse antiserum against NSD virus had 

been sent to us, on request, by Dr. R. West, East Africa Virus Research 
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Institute, in May, 1967, with a stated titer of 1:128 - 1:256 by CF 

test. 

A CF test was done with the following reagents: polyvalent Congo 

• AF (an ampoule of the same material shipped to Dr. Davies), N3D mouse 

immune serum (Dr. West), and as control for specificity a mouse immune 

serum for JE virus; and antigens for Congo, Bhanja, Dugbe, Ganjam, 

Hazara and controls, JE and Whataroa (group A). The sera, AF and 

antigens were used in two-fold dilutions, beginning at 1:4. The 

result of the test is shown in Table 1. 

There is no question about the close relationship between NSD and 

Ganjam viruses in the test; even the slight reaction between NSD serum 

and Dugbe antigen is significant, as the two viruses, Ganjam and Dugbe, 

are part of an antigenic group. 

All subsequent identification work involving NSD virus in its 

relation to Ganjam will be done by Dr. Davies. 

(Jordi Casals) 
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Table 1 

Similarity between NSD and Ganjam (1619) viruses 

by CF test 

Serum or AF 
Antigen Poly-Congo NSD JE 

Congo 128/32+ a a 

Bhanja 64/32+ a a 

Dugbe 128/32+ 4/4 a 

Ganjam 128/32+ 128+/32+ a 

Hazara 64/32+ a a 

JE a a 8+/32+ 

Whataroa a a 

Reciprocal of serum titer/reciprocal of antigen titer; 

0, negative reaction at dilution 1:4. 
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Figure 1. General view of blood-feeding mosquitoes on a capillary holding 
rack . 

Figure 2. Enlarged view of feeding mosquitoes. The black mark (indicated by 
the pointer) shows the original blood level. 
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REPORT FROM THE STATE OF NEW YORK DEPARTMENT OF HEALTH, 
DIVISION OF LABORATORIES AND RESEARCH, ALBANY, NEW YORK 

Arbovirus Summary - 1974 

There were 15 isolations of California encephalitis group viruses 
from mosquitoes this year, more than the total for all previous years, 
although the number of mosquitoes tested (150, 000) was only 50% greater 
than in 1973 (Table 1). Isolations came from Albany, Cattaraugus, Essex, 
Hamilton, Livingston, Schenectady and Suffolk Counties and included 
2 isolations from mosquitoes collected in Quebec Province at the request 
of the Canadian authorities. Six species of mosquitoes were involved, 
including Aedes aurifer. This is the first time a California group virus 
has been isolated from this species. Infection rates ranged from 1: 3642 
for Aedes cantator in Suffolk County in July to 1: 16 for Aedes triseriatus 
in Albany County in August. 

In spite of this evidence of widespread mosquito involvement, only 
3 human cases of presumptive California encephalitis infection were 
detected this year from serum specimens submitted from 413 cases of 
central nervous system (CNS) disease (Table 2). Two boys aged 2 1/2 and 
4 years from different places in Albany County had onset dates in August 
and June respectively, and an 18-year-old girl from Wyoming County had 
onset in early October. For various reasons, the speCimen!? submitted 
were not adequate to establish more than a presumptive diagnosis. 

SpeCimens from a total of 332 CNS patients were tested for California 
virus neutralizing antibody, and 36 of the patients were positive. Past 
experience has shown that clinically apparent cases of California virus 
infection are restricted to the age group 18 and under. The antibody
positive rate in this age group of CNS patients was 8%, while for patients 
19 and over it was 13%. In a current sample of 144 healthy people from 
the eastern half of the state, the rates were 6% and 16% respectively. 
These rates are compatible with an endemic situation in which the 
infection rate increases with age. There is an indication that the rate 
is higher in the 18-and-under age group of patients than in the comparable 
group of controls. However, adequate paired sera were received 
from only 5 of these patients, and in only the 3 patients described above 
could even a presumptive diagnosis of California virus infection be made. 

One human case of meningitis had high antibody titers to Powassan 
virus. This was an 8 -year '"Old boy from Otsego County, with onset in July. 
In addition to the signs of meningitis he had a rash, the first time this 
has been reported in a presumptive case of Powassan meningoencephalitis. 
Only one blood specimen was received. 
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Eastern equine encephalitis infection again appeared in Oswego and 
adjoining counties in August, and by the end of September there had been 
14 horse deaths but no human cases. Virus was isolated from the brain of 
3 of the horses, and serologic confirmation was obtained from 6 others. 
Virus was also isolated from 5 pools of Culiseta melanura mosquitoes 
(infection rate 1:95), 2 pools of Aedes canadensis (1:61). a pool of the 
Culex restuans (1:89), and the viscera of a fox sparrow 0/102 birds 
tested from Oswego County in September). The virus is transmitted 
between birds by CuI. melanura and from birds to horses and man by 
Aedes canadensis. The outbreak was controlled by aerial spraying of 
48. 600 acres. 

Other arboviruses isolated this year from mosquitoes were 
5 strains of Flanders virus and a second strain of the new virus 
NY 73-51694/5, first isolated in 1973 from Aedes cantator from Suffolk 
County and now found in Aedes communis from Schenectady County. 
There were no isolations from 1672 Simulidae or 2049 ticks tested. 
California virus has been isolated by other laboratories from the 
overwintering larvae of Aedes triseriatus. We did not succeed in isolating 
any virus from 200 larvae or 4595 adult mosquitoes reared from wild
caught larvae of Aedes triseriatus from Monroe County nor from 1561 
reared adults of the associated species Culex restuans. 

(John P. Woodall and Margaret A. Grayson) 

145 



Table 1 
Arboviruses Isolated in New York State, 1974 

No. of 
Virus Strains County Month Species 

CE complex 1 Livingston June Ae. aurifer -

EEE 

Flanders 

New virus 

1 Suffolk July Ae. cantator 
1 Suffolk Aug. Ae. cantator 
3 Essex June Ae. communis 
1 Essex Aug. Ae. communis -
1 Hamilton June Ae. communis 
2 Quebec" July Ae. communis 
1 Cattaraugus July Ae. stimulans -
2 Albany Aug. Ae. triseriatus -
1 Schenectady Aug. Ae. vexans -
1 Livingston Aug. Ae. vexans -

1 Oswego Aug. equine 
2 Oswego Sep. equine 
1 Oswego Sep. fox sparrow 
2 Oswego Sep. Ae. canadensis 
1 Oswego Sep. C. restuans -
4 Oswego Sep. Cu. melanura 
1 Onondaga Sep. Cu. melanura -

1 Chemung July f. Eipiens 
1 Chemung Aug. C. pipiens 
1 Suffolk July Cu. melanura -1 Oswego Sep. Cu. mel anura 
1 Suffolk July Coq. perturbans 

1 Schenectady July Ae. communis -

* Ratio, infected to uninfected mosquitoes 
** Canada 
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Infection * 

Rate 

1: 162 
1:3642 
1:108 
1:262 
1:128 • 
1:540 
1:403 
1:468 

,. 

1:16 
1:4204 
1:273 

-
-

1:19 
1:61 
1:89 
1:98 
1:84 

1:400 
1:2419 
1:876 
1:391 
1:28768 

1:89 
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2 
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Table 2 
Human Arbovirus Infections, New York State, 1974 

1974 
Age Date of 

(Years) Sex Onset Diagnosis 

4 M 6.23 Meningitis 
-----

8 M 7.15 Meningitis 

2 1/2 M 8.18 Encephalitis 

18 F 10.8 Meningitis 

CF = complement-fixation 
HI = hemagglutination-inhibition 
NI = loglO neutralization index 

Agent Days after 
Indicated Onset 

California 9 
encephalitis 
group 24 

Powassan 19 

California 6 
encephalitis 
group 

California 2 
encephalitis 
group 16 

II • , " 

Antibody Titer 
CF HI NI 

<4 10 positive 

<4 10 4.3 

8 2560 >3.9 

<4 5-10 4.0 

<4 <10 2.3 

<4 10 3.6 



REPORT FROM THE ZOONOSES RESEARCH UNIT, UNIVERSITY OF WISCONSIN, 
DEPARTMENT OF PREVENTIVE MEDICINE, MADISON, WISCONSIN 

Studies of the natural distribution of LaCrosse virus: 

Fourteen cases of California encephalitis with fourfold or greater 
rises in antibody titer to LaCrosse (LAC) were diagnosed in Wisconsin 
during the 1974 season. The age and sex distribution was: 7 boys and 
7 girls, 1 to 12 years of age. Ten were residents of Wisconsin, 1 from 
southeastern Minnesota, and 3 from northeastern Iowa. Four cases had 
dates of onset during July, 5 during August and 5 during September. 
The distribution of these cases is similar to that of 189 cases diagnosed 
during previous years in Wisconsin and associated with histories of 
exposure of these children to Aedes triseriatus mosquitoes in the hard
wood deciduous forest such as are found in the southwestern third of 
Wisconsin where LAC virus has been continuously re-appearing season after 
season. 

The frequency and distribution of LAC virus overwintering in Aedes 
triseriatus diapause eggs was studied during the 1974 season by following 
64 tree-hole oviposition sites in four enzootic hardwood forest areas. A 
direct fluorescent antibody (FA) technique proved to be a rapid, reliable 
and economical tool for ascertaining true field infection rates. 

Virus was found in larvae from each of the four study areas before the 
seasonal emergence of adults and detected in 10 (0.6%) of 1698 individually 
processed adults reared from collected larvae. In one of these study areas, 
all 12 located tree-holes were enclosed with screen before the seasonal 
emergence of adults, to ensure that all collected from these sites origin
ated from overwintered eggs. Of 1280 Aedes triseriatus processed from this 
area throughout the season, 16 (1.2%) contained virus. Isolates were found 
in overwintered Aedes triseriatus throughout the summer months, demonstrating 
the role of these tree-holes as foci for both overwintering and continuing 
summer season source of LAC virus in these forested areas. 

In transovarial transmission experiments with LAC virus in Aedes 
triseriatus, using dissections and sections of larvae, pupae and aaults, 
virus is commonly observed in alimentary tract and malpighian tubules with 
the FA technique. Virus has also been detected in other tissues, including 
egg~ developing inside gravid females, and in the accessory sexual organs of 
a transovarially infected adult male. 

The distribution of LAC virus in transovarially infected adults is being 
compared to that in adults infected while engorging blood-virus mixtures. 

(Wayne Thompson and Barry Beaty) 
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REPORT FROM THE UNIVERSITY OF WISCONSIN, DEPARTMENTS OF 
ENTOMOLOGY AND VETERINARY SCIENCE, MADISON, WISCONSIN 

Field Studies with LaCrosse virus vectors: 

Since earlier studies indicated that relatively few tree holes contained 
LAC-infected larvae, five areas in southwestern Wisconsin were studied to 
more precisely determine the incidence and characteristics of LAC virus 
overwintering sites. Larval Aedes triseriatus were collected in the spring 
of 1974 prior to adult emergence in mid-June and assayed for presence of 
virus. Transovarially infected larvae were found in 3 of the 5 areas . 
Virus identification is incomplete, but presumably is LAC. The highest 
incidence of infected treeholes in anyone area was 7 of 18, but the incidence 
of infection in individual larvae appeared to be low with only 11 of 138 (8%) 
of the pools positive. In the other two positive areas 2 of 10 and 2 of 11 
treeholes produced infected larvae, with 8 of 150 pools (5.3%) and 7 of 72 
pools (9.7%), respectively, positive. Treeholes that supported successful 
virus overwintering were of no one type, for both large and small cavities 
produced infected larvae. 

In studies to elucidate the competitive relationship of A. triseriatus 
and the LAC virus non-vector, !. hendersoni, vertical oviposition preferences 
were tested. Data showed that the ratio of eggs deposited by!. hendersoni 
in ovitraps increased with increasing height above ground. The percent A. 
hendersoni at various heights was as follows: 0' - 69%, 10' - 80%, 20' ~ 89% 
and 30' - 94%. Arboreal and basal treeholes monitored concurrently in no case 
showed A. hendersoni to be present in percentages as high as from ovitrap 
collections. 

LAC Virus Variation: 

Studies have continued with prototype LAC virus and the association of 
different plaque sizes, observed in both Vero and BHK2l cells, with endemic 
maintenance cycles in vertebrates. As previously reported, prototype LAC 
virus, containing a mixture of plaque sizes, when passed in chipmunks results 
in selection for predominantly large plaque type virus. When this material 
is passed in gray squirrels there is a selection for small plaque type LAC 
virus which remains small on subsequent passage in chipmunks. 

Plaque purification of prototype LAC virus into predominantly large and 
small plaque type populations was accomplished by terminal dilution selection. 
Subcutaneous inoculation of gray squirrels with 2.7 or 4.8 10glO SMICLDSO of 
purified large and small plaque type virus resulted in no detecfible viremia 
and a low titered neutralizing antibody response. Chipmunks developed viremias 
after subcutaneous inoculation with 2.6 or 4.5 logs of large plaque type 3.6 
or 6.2 log SMICLD

S 
of small plaque type virus. Examination of the plaque 

size distribution Broduced by viremic chipmunk blood indicated no change in 
the plaque type inoculated. Subcutaneous inoculation of gray squirrels with 
4.0 logs SMICLD

50 
of chipmunk passaged large and small plaque type virus has 

so far resulted 1n no detectible viremia. 

(G.R. DeFoliart, M. Lisitza, B. Miller, C. Gary, T. Yuill, W. Hansen, 
R. Gebhart and D. -Nassif) 
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REPORT FROM DIAGNOSTIC VIROLOGY SECTION 
VETERINARY SERVICES LABORATORY 

VETERINARY SERVICES, ANIMAL AND PLANT HEALTH INSPECTION SERVICES 
UNITED STATES DEPARTMENT OF AGRICUIlI'URE 

AMES, IOWA 

Venezuelan Equine Encephalitis Surveillance 1972-1974 

A Venezuelan equine encephalitis (VEE) surveillance program 
was established by the United States Department of Agriculture 
following the 1971 outbreak in Texas. This laboratory provided 
diagnostic support for this program. A summary of the 3 phases 
of th~ program and the results follow. There has been no evidence 
that VEE has become established in the United States. 

1. Field Investigations 

All suspected cases of equine encephalitis were investigated 
and specimens were submitted for laboratory confirmation. Virus 
isolation, by intracerebral inoculation of suckling mice, was 
attempted on all serum samples and tissues submitted. Hemagglu
tination-inhibition and neutralization tests were performed on all 
serum samples SUbmitted. The horse appears to be the best known 
sentinel animal, therefore, this part of the program and these 
specimens received the most emphasis. The results of these 
investigations are shown in Table 1. There were no VEE positive 
cases in 1972, 1973 and 1974. In 1972 and 1974 a large number of 
WEE cases were diagnosed in Colorado, Kansas, Minnesota and South 
Dakota. In 1973 there were fewer WEE positive cases but there was 
an EEE outbreak in MassachUsetts, New Hampshire and Michigan. 

2. Serological Sampling 

In 1972 a program was established to collect serum samples 
from wild mammals and domestic dogs primarily in a belt from 
coast to coast across southern U.S. The samples were screened 
using the hemagglutination-inhibition test and all positive titers 
were confirmed using a neutralization test in primary duck embryo 
fibrOblast cell culture. A sample was positive if the 1:10 dilution 
produced 90% reduction in the number of virus plaques. The number 
of samples collected and results are shown in Tables 2 and 3. The 
reasons for the 6 VEE positive samples from outside Texas could 
not be determined with any certainty. The samples were all from 
dogs which could not be traced and there was no history available. 
They may have originated in Texas or they may have been exposed to 
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• vaccine virus. The small number of VEE positive samples indicated 
that the virus had not become established in the United states. 
This program was therefore curtailed in 1973 and 1974. Dr. Vincent 
Kelly, Bureau of veterinary Public Health, Texas state Department 
of Health, Harlingen, TX, submitted serum samples collected from 
wild mammals in Texas along the lower Rio Grande Valley. In 1973, 
171 samples were submitted with 3 positive for antibody against 
VEE, 6 for WEE, and none for EEE. In 1974,242 samples were submitted, 
15 were positive for VEE, 29 positive WEE, and 1 for EEE. All the 
VEE positive samples were from wildlife that would have been in the 
area where the 1971 outbreak occurred. 

An outbreak of EEE occurred in the New England area in 1973. 
Bird tissues and serum samples were collected from this area and 
submitted for equine encephalitis virus isolation and serology. 
~he number of specimens and results are shown on table 4 • 

3. Mosquito Collection 

In 1973 and 1974 Veterinary Services and Public Health personnel 
collected mosquitoes at points along the Mexican border and submitted 
them for virus isolation. The mosquito pools were inoculated 
intracerebrally into suckling mice. In 1973 a total of 190 pools 
were processed 88 from Texas, 63 from Arizona, 20 from California, 
9 from New Mexico. WEE virus was isolated from 5 pools from Arizona • 

. 
In 1974 virus isolation was attempted from 244 mosquito 

pools, 52 from Arizona, 40 from California, and 152 from Texas. 
WEE virus was isolated from 1 pooi from Texas. 

(J. E~ Pearson, D. A. Senne, E. A. Carbrey and B. M. Mathis) 
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TABLE I. 

Investigations of Equine Encephalitis Cases 

Calendar Year 1972 Calendar Year 1973 Calendar Year 1974 
Cases Positive Cases* Cases Positive Cases* Cases positive Cases* 

state Submitted ~ ~ !lm ~bmitted .Y!m ~ WEE SUbmitted VEE EEE WEE 
Alabama 4 0 0 0 10 0 5 0 13 0 1 1 
Arizona 4 0 0 1 11 0 0 3 3 0 0 0 
Arkansas 4 0 0 0 0 0 0 0 3 0 0 0 
California 0 0 0 I) 0 0 0 0 0 0 0 0 
Colorado 101 0 0 77 60 0 0 38 62 0 0 51 
Connecticut 11 0 10 0 0 0 0 0 0 0 0 0 
Delaware 0 0 0 0 3 0 1 0 0 0 0 0 
Florida 12 0 3 0 17 0 12 0 7 0 0 0 
Georgia 6 0 1 0 IS- O 7 0 3 0 0 0 
Hawaii 1 0 0 0 0 0 0 0 0 0 0 0 

I-' Idaho 32 0 0 15 31 0 0 13 21 0 0 13 
VI Illinois 25 0 0 5 8 0 0 2 31 0 0 4 N 

Indiana 15 0 0 1 32 0 4 2 59 0 1 4 
Iowa 39 0 0 16 10 0 0 3 38 0 0 19 
Kansas 91 0 0 71 20 0 0 8 43 0 0 32 
Kentucky 2 0 0 0 0 0 0 0 9 0 0 0 
Louisiana 14 0 0 0 16 0 3 0 25 0 15 0 
Maine 4 0 0 0 6 0 3 0 0 0 0 0 
Maryland 12 0 1 0 2 0 0 0 0 0 0 0 
Massachusetts 2 0 0 0 70 0 47 0 4 0 0 0 
Michigan 4 0 0 1 61 0 36 1 5 0 4 0 
Minnesota 124 0 1 86 36 0 1 7 75 0 0 62 
Mississippi 16 0 0 0 19 0 10 0 21 0 0 0 
Missouri 1 0 0 1 5 0 0 0 1 0 0 1 
Montana 46 0 0 29 10 0 0 3 36 0 0 17 

* Positive virus isolation and/or serology 
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Investigations of Equine Encephalitis Cases (Continued) 

Calendar Year 1972 Calendar Year 1973 Calendar Year 1974 
Cases Positive Cases* Cases Positive Cases* Cases Positive Cases* 

state SUbmitted VEE ~ WEE §ubmitted .Y1m. EEE ~ SUbmitted ~ ~ ~ 
Nebraska 32 0 0 19 5 0 0 3 21 0 0 16 
Nevada 3 0 0 1 9 0 0 1 2 0 0 0 
New Hampshire 0 0 3 0 74 0 38 0 3 0 0 0 
New Jersey 0 0 0 0 0 0 0 0 0 0 0 0 
New Mexico 15 0 0 3 5 O· 0 3 1 0 0 0 
New York 0 0 0 0 0 0 0 0 1 0 0 0 
North Carolina 33 0 10 1 34 0 19 0 14 0 6 0 
North Dakota 29 0 0 21 4 0 0 2 30 0 0 20 
Ohio 15 0 0 1 1 0 0 0 7 0 0 0 
Oklahoma 32 0 0 7 17 0 1 1 49 0 0 16 
Oregon 15 0 0 5 22 0 0 12 11 0 0 5 

I-' Pennsylvania 3 0 0 0 2 0 0 0 3 0 0 0 
VI 

Rhode Island 2 0 2 0 4 0 0 0 0 0 w 0 0 
south Carolina 11 0 0 0 26 0 0 0 20 0 0 0 
south Dakota 54 0 0 38 5 0 0 1 20 0 0 18 
Te,nnessee 5 0 0 0 13 0 0 0 7 0 0 0 

Texas 61 0 0 5 29 0 2 8 39 0 0 22 
Utah 2 0 0 0 0 0 0 0 2 0 0 0 
Vermont 3 0 0 0 2 0 1 0 2 0 0 0 
Virginia 8 0 0 0 9 0 6 0 5 0 1 0 
Washington 27 0 0 21 11 0 0 6 14 0 0 4 
West Virginia 1 0 0 0 1 0 0 0 2 0 0 0 
wiscons-in 0 0 0 0 0 0 0 0 4 0 0 0 
wyoming 41 0 0 21 8 0 0 2 13 0 0 7 
Virgin Islands --.Q 0 0 0 --.Q -2.. -2.. 0 _1 0 0 0 

TOl'AL 962 0 31 446 723 0 209 119 749 0 34 312 

* positive virus, isolation and/or serology 
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TABLE II. 

Calendar Year 1972 
Equine Encephalitis Serological SUrveillance by States 

State 
Alabama 
Arizona 
Arkansas 
California 
Florida 
Georgia 
Louisiana 
Maryland 
Minnesota 
Mississippi 
New Mexico 
New York 
North Carolina 
Ohio 
Oregon 
south Carolina 
Texas 
utah 

TOl'AL 

Positive Sarnples 
~ EEE WEE 

1 
5 

4 
3 

2 

4 

10 1 92 

16 5 101 

TABLE III. 

Calendar Year 1972 

Total Samples 
§)lbmitted 

25 
536 

2 
104 
639 
276 
846 

10 
59 
35 

226 
69 

5 
50 

2 
207 

6296 

-21 

9444 

Equine Encephalitis Serological Surveillance by Species 

Canine Rabbit Raccoons OPossum Other 

VEE Positive 16 0 0 0 0 

EEE PositiVe 4 0 0 1 0 

WEE Positive 31 63 2 1 4* 

Total Samples 
SUbmitted 5049 1378 260 114 2643 

* 2 badgers, 1 porcupine, 1 bobcat 
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TABIE IV. 

Calendar-Year 1973 
Equine Encephalitis surveillance in New England 

Pheasant Pigeon Sparrow 
state No. EEE Pos*/NO. SUbmitted No. BEE Pos*/No. SUbmitted No. BEE POs*/No. SUbmitted 

Maine 11/14 • • • • • • 

t;. Massachusetts 4/7 0/1 0/2 
VI 

New Halt\Pshire 34/40 1/5 1/1 

TOl'AL 49/61 1/6 1/3 

* EEE positive by virus isolation Or serology (neutralizing antibody) 



REPORT FROM THE BUREAU OF LABORATORIES, TEXAS STATE DEPARTMENT 
OF HEALTH, AUSTIN. TEXAS 

Arbovirus activity in Texas re.maine.d low and undetectable during 1974. 

Serology 
Wildlife (assorted) 

Isolation 
Mosquitoes 
Horse brains (all were 

rabies specimens) 

(Charles E. Sweet) 
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REPORT FROM THE VECTOR-BORNE DISEASES DIVISION 
CENTER FOR DISEASE CONTROL, FT. COLLINS, COLORADO 

Characterization of avirulent WEE strains 

Since 1972, numerous isolations of an aberrant strain of WEE 
virus have been made from birds (Passer domesticus, Petrochelidon 
BYrrhonota) and bugs (Oeciacus vicarius) collected at Ft. Morgan in 
eastern Colorado. Characteristically, these isolates produce plaques 
in duck embryo (DE) and Vero cells but do not kill suckling mice upon 
primary isolation attempts; passage in cell cultures increases mouse 
virulence. Whereas typical WEE strains from other areas produce more 
plaques in DE than Vero cells upon primary isolation, these aberrant 
strains from Ft. Morgan produce more plaques in VerI) cells than 'in 
DE cells. Further, these strains produce plaques which are roughly 
half the size of those produced by more typical Western strains in 
DE cells. All strains including those from Ft. Morgan appear to be 
virulent for suckling hamsters even without previous passage from 
nature. 

An attempt was made to detect markers other than virulence, 
hemagglutinin presence and patterns, and characteristics in cell 
cultures, in order to more fully characterize these strains and 
compare them with more typical strains of WEE virus. First, a 
thermal inactivation curve was determined. Strains CMA4-368 (from 
a bird), CM4-146 (from a bug) and 67V5009 (from a mosquit04 the 
former two viruses without prior passage in the laboratory and the 
third at the DE 3 level, were tested at 370,420 and 600C for from 
5 to 120 minutes and titered in both DE and Vero cells. Results are 
presented in Table 1. The only difference between titrations in DE 
and in Vero appears to be the greater sensitivity of Vero cells for 
the field strains from the bird and the bug and the greater sensitivity 
of DE for the mosquito strain. At 370 and 420, 67V5009 is stable for 
up to 2 hrs., while at 600, all detectable virus was lost within 
10 mins. after incubation. This contrasts with the results obtained 
with the bird and bug isolates in that both 370 and 420 virus was 
increasingly lost with time and neither were stable for even 5 mins. 
at 600• Both CMA4-368 and CM4-l46 lost very little if any virus 
through the first 30 mins. of incubation at 370, but, thereafter, the 
titer decreased through the first 90 mins. and was undetectable at 
120 mins. 

An attempt was then made to compare CMA4-368 and CM4-l46 viruses 
by their kinetics of replication. The results are not complete, but 
an attempt is made here to summarize the results thus far. Both 
isolates were passed into DE and Vero fluid cultures, into a litter 
of suckling mice, and into a litter of suckling hamsters, both of the 
1 atter by the ; ntracerebra 1 route. At 40 hrs. the ce 11 cu'ltures and 
suckling animals were harvested and stored frozen.' Aliquots of the 
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DE harvest were then titrated in both DE and Vero cells and incubated 
at either 370 or 420C. The inoculum remaining 30 and 60 mins. after 
infection and harvests at intervals to 192 hrs. after infection were 
titrated in DE cells. There appears to be little or no significant 

. difference between virus passed once in DE and once in Vero and virus 
passed twice in DE cells. However, there is a significant difference 
in the quantity of virus detectable by time after inoculation, in 
that cells incubated at 420 generally yielded less virus than those 
incubated at 370 • Within 48 hrs. after infection, little or no virus 
was detectable, whereas, harvests from cells infected and held at 
370 yielded virus up to 120 hrs. after infection. Since the initial 
stages of virus replication appear to be identical in both rate and 
maximum titer, we feel that this is further evidence that both field 
strains are thermolabile but not temperature sensitive (TS). Additional 
results of these and other studies will be reported in a later edition 
of the Arbovirus Information Exchange. 

Charles H. Calisher, John S. Lazuick, 
and Thomas P. Monath 
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TABLE 1. Thermal Inactivation of WEE Strains CMA4-368, CM4-146 and 
67V-5009 at 370 , 420 and 600C Titrated in Duck Embryo and 
Vero cells • .. 

CMA4-368 
• 

DE Vero 

Mins. 370 420 600 370 420 600 

0 5.0 5.0 5.0 5.4 5.4 5.4 
5 4.6 4.5 <2.7 5.5 5.3 <3.0 

10 4.5 4.3 <2.7 5.3 5.0 <3.0 
15 4.6 4.0 <2.7 5.3 4.8 <3.0 
20 4.4 3.4 <2.7 5.2 4.6 <3.0 
30 4.4 3.0 <2.7 5. 1 4.1 <3.0 
50 4.0 <2.7 <2.7 5.0 <3.0 <3.0 
60 3.7 <2.7 <2.7 5.0 <3.0 <3.0 
90 2.7 <2.7 <2.7 4.3 <3.0 <3.0 

120 <2.7 <2.7 <2.7 <3.0 <3.0 <3.0 

CM4-146 

DE Vero 

M1ns. 370 42° 600 370 420 600 

0 2.5 2.5 2.5 4.4 4.4 4.4 
5 2.3 1.9 <1.3 - 4.2 4.3 <2.4 

10 2.4 1.6 <1.3 4.3 4.1 <2.4 
15 2.4 2.2 <1.3 4.0 4.0 <2.4 
20 2.3 2.0 <1.3 4.1 4.1 <2.4 
30 2.3 2.2 <1.3 4.3 4.1 <2.4 
50 1.3 1.3 <1.3 3.8 3.9 <2.4 
60 2.1 <1.3 <1.3 3.5 3.6 <2.4 
90 1.9 <1.3 <1.3 3.9 3.1 <2.4 

120 <1..3 <1.3 <1.3 3.1 <2.4 <2.4 

.. 
67V-5009 

OJ DE Vero 

M1ns. 370 420 600 37° 420 600 

0 >4.0 >4.0- >4.0 4.9 4.9 4.9 
5 >4.0 >4.0 5.4 4.9 4.~ 3.7 

120 >4.0 >4.0 <5.4 4.7 _ 4.7 <2.6 
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Pathogenesis Studies on Avirulent WEE Strains. 

A. Experimental Infection of Adult House Sparrows (Paese~ domestiaus). 

Preliminary studies have been conducted on the responses of 

adult sparrows to primary infection with a WEE strain originally • 

recovered from a nestling sparrow in Morgan Co., Colorado. The 

virus strain used, designated CMA4-368, is representative of 

numerous other isolates recovered from nestling sparrows, cliff • 

swallows, and from Oeaiaeue viaaPius bugs inhabiting their nests 

• in 1973 and 1974 (see Arbo Info Exchange No. 27 p. 76-17, Sept., 
/ 

1974). By HI, CF, and NT these virus strains are closely related 

to WEE viruses isolated from humans, equines, and C. ta~satis 

mosquitoes in the western U.S., but differ dramatically in their 

biological characteristics. In particular, they are non-pathogenic 

or have a very low pathogenicity for baby mice and newly-hatched 

chicks. 

In order to better define the virus-host relationships in 

the natural transmission cycle, experimental infection of nestling 

and adult sparrows was considered. Initial studies utilized orig-

inal (unpassaged) CMA4-368 virus (a diluted sparrow blood field 

specimen) as well as first Vero cell culture passage material. 

Parallel studies were conducted using v.irulent WEE strains 

. (67VS009 and CM4-8&5) recovered from C. ta~eati8 in Morgan Co. 

Adult P. domestieus were first tested for N antibody to CMA4-368 

and to C. ta~eatis-WEE virus. Sparrows were inoculated subcutane-

ously with 0.1 ml of virus suspension and were bled from the jugular • 
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vein daily for 10 days and periodically thereafter. Preliminary 

results are shown below: 

VIREMIA 

Maximwn Titer 
Virus Dose No. Viremic/ Titer Range on Duration 

(passage) (PFU/O.l ml) No. Tested CPFU/O .1 ml) Day 1 P. I. (days) 

67V5009* >10 7. 0 11/11 >6.7 3.8->6.7 Pending 
(DECC ,3) 

CM4-885* 10. 4. 0 7/7 >7.7 5.5->7.7 3-5 
(Vero 1) 

CMA4-368 102. 4 0/10 
COrig. ) 

CMA4-368 105•0 4/9 2.5 1.0-2.5 1 
(Vero 1) 

*CuZex tapsaZis isolates from Morgan Co., Colo. 

Sparrows inoculated with CMA4-368 were challenged 1 month 

later with CM4-885 virus. Results are presently available only 

for the group initially given 102. 4 PFU of original CMA4-368 virus. 

Eight birds were challenged with 104•0 PFU; two failed to produce 

detectable viremia, while the remaining 6 birds had high titered 

and prolonged viremia resembling birds with primary CM4-885 in-

fection. Further studies are in progress. 

These results again indicate a marked difference in the 

pathogenic determinants between 'classical' WEE virus and strains 

isolated from nestling birds and O. vicarius bugs in Colorado • 

They suggest that the adult sparrow, unlike the nestling, is not 

an important host in the transmission cycle. Although they are 

incomplete, the challenge experiments suggest that prior infection 
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with the avirulent strains may partially protect birds against 

'classical' mosquito-borne WEE virus. The importance of this 

in terms of WEE virus transmission and amplification in nature 

remains to be elucidated; however a 1974 serosurvey of over 100 

adult sparrows from Morgan Co. failed to show antibody to 

CMA4-368, indicating that few infected nestling birds survive 

or that long-lasting N antibody is not produced. 

B. Inoculation of Immunosuppressed Mice. 

In order to determine what role host defense mechanisms may 

play in determining the relative avirulence of WEE strains from 

Morgan Co., Colorado, CMA4-368 virus was inoculated I.P. into 

immunosuppressed 3-4 week (150-200 gram) male white mice. Mice 

were given either 0.9% saline or cyclophosphamide (Cy) (0.1 mg/g) 

on the day before, the day of, and 3 days after virus inoculation. 

The effect of Cy was determined by demonstrating a profound 

leukopenia compared to saline-inoculated controls 24 hours after 

the second Cy dose. Mice received 105•9 PFU of CMA4-368 virus 

(Vero 1 passage). None of 72 mice treated with Cy and none of 12 

controls developed a detectable viremia during the duration of 

the experiment (24 days). Organ titrations on daily-sacrificed 

mice, interferon, and antibody studies are underway. Despite 

. the absence of viremia, CMA4-368 virus probably replicated in 

inoculated mice, since cross-protection was provided against 

challenge at 20 days with CM4-885 (C. tapsalis-WEE), as shown 

below: 
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Intracerebral 
Challenge 

Inoculum Treatment (Day 30 P.I.) Mortality 

CMA4-368 Cytoxan CM4-885 1/12 

CMA4-368 Saline CM4-885 W3 

None Cytoxan CM4-885 12/12 

The results indicate that immunosuppression did not 

markedly increase replication of CMA4-368 virus in the mouse, 

and suggest that host defense mechanisms (cellular and humoral 

immunity, and possibly interferon) are less important in de-

termining the low pathogenicity of the Morgan Co. WEE strains 

than are virulence or tissue tropism characteristics of the 

virus itself. 

C. Infection of Organ Cultures. 

As a preliminary step in developing technics for investigation 

of the virulence determinants of WEE virus strains, their tissue 

tropism, and the role of host defense mechanisms, hamster organ 

cultures have been studied. Suckling hamsters are susceptible to 

lethal infection with CMA4-368 virus administered by the peripheral 

or intracerebral routes. Organ cultures were thus prepared from 
, 

tissues of infected suckling hamsters harvested at the time of 

onset of illness. Two virus strains were used: CMA4-368 'Vero I 

passage (see above) and CM4-146 (original, unpassaged) isolated 
I 

from a pool of O. viaaI'iu8 bugs from Morgan Co. Tissue explants 

placed in plastic cell culture trays were incubated at either 30 

or 330 C in Medium 199 containing 20% fetal calf serum, growth 
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estimated on a semiquantitative scale (1 to 4+), and culture 

fluid exchanged and preserved (_700 C) for titration at 72 

to 96 hour intervals. Results for both virus strains were 

similar. Cultures of skeletal muscle and kidney demonstrated 

chronic productive infections for the duration of the prelimi

nary study (24 days), whereas spleen and liver did not yield 

viral replication and brain supported yielded virus for only 

6 days. Culture fluids, exchanged at 72-96 hour intervals and 

assayed in Vero cells, contained virus at a titer of 3.3-4.6 

log PFU/O.l ml for muscle and 1.6-3.3 log PFU/O.l ml for kidney. 

Kidney and spleen explants grew out into nearly confluent mono

layers by day 16, whereas muscle explants showed minimal (1+) 

or no arowth. 

Both the virus stock used to infect hamsters and the in

fected culture fluid harvests contained a mixed population of 

small and large plaques. The proportion of large to small 

plaques did not vary over the 24-day period of observation of 

the orian cultures. 

In order to determine whether chronically-infected organ 

cultures were productive of a temperature-sensitive virus popu

lation, virus assays were performed in Vero cells at 30, 37, and 

41 0 C. No difference in titer or proportion of large to small 

plaques was observed. This confirms other observations from our 

laboratories that the naturally-occurring avirulent WEE strains 

are not TS. 

(T. P. Monath, G. S. Bowen, M. Gresikova) 
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Laboratory Studies on the ability of Oeciacus vicarius 

to serve as a host and vector of western encephalitis 

(WE) virus. 

As discussed in previous reports (Arthropod-borne"Virus Information 

Exchange No. 26:118; No. 27:76-77), atypical strains of WE virus have been 

recovered from nestling house sparrows (Passer domesticus), nestling cliff 

swallows (Petrochelidon pyrrhonota), and cliff swallow bugs (Oeciacus 

vicarius) from a bridge collecting site over the So. Platte River in 

Morgan County, northeastern Colorado. 

In 1974, the first WE virus isolations were made from cliff swallow 

bugs in May. Although virus was not recovered from these hemipterans 

collected in July and August, WE virus has been recovered from pools 

tested in each succeeding month through January. 

Preliminary experimental studies with the cliff swallow bug and a 

strain of WE virus (CMA4-368) recovered from a nestling house sparrow have 

been initiated. In an attempt to obtain a viremic host for feeding the 

cliff swallow bugs, original nestling blood from isolate CMA4-368 was 

inoculated subcutaneously into wet chicks «0.5 day). Chicks were bled 

at closely spaced intervals for three days following inoculation and blood 

samples from 5 of the chicks tested. Four of the 5 chicks were negative, 

however, a single chick had a titer >104•7/0.1 ml at 18 hrs. and 101.9 at 

36 hrs. All chicks survived without apparent signs of distress or illness. 

The 18 hr. blood sample from the single viremic chick was then inoculated 

subcutaneously into 6 additional wet chicks, which all died between 24 and 

30 hrs. Blood samples 'col1ected at 18 and 24 hrs. from these 6 chicks had 

titers ranging from 108•1-109.5/0.1 m1 blood. Three additional wet chicks 

were then inoculated with the 18 hr. blood sample from the original viremic 
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chick and O. vicarius bugs fed on these chicks at 24 hrs. After 7 days 

incubation at 750 F, 2 pools each of 5 adult and 5 nymphal bugs were tested 

in primary duck embryo cell culture (DECC) and found positive. The 

suspension from the nymphal bugs also killed 5/5 wet chicks, 8/8 suckling 

mice, and 8/8 suckling hamsters. After 14 days incubation, individual 

bugs were tested in DECC and 3/5 adults and 2/5 nymphs were positive. 

Studies on replication and transmission of WE virus in the cliff swallow 

bugs are in progress. 

Two points of interest emerge from this very preliminary wo'rk with 

the CMA4-368 strain of WE virus recovered from a nestl"ing sparrow. The 

first is the very rapid and marked change in pathogenicity and virulence 

for laboratory hosts resulting from a single passage of the original 

nestling blood through wet chicks, and the second is the suggestion that 

the virus replicates in the cliff swallow bugs following ingestion of 

viremic blood. 

D.B. Francy and W.A. Rush 
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Human Infection wjth Bhanja Vjrys: During studies with strain #7 
of Bhanja virus from ticks collected in Yugoslavia (see this issue, 
report from the Andrija Stampar School of Public He~lth) a laboratory 
worker (CHC) became ill. On April 25, 1974, 34 days after the first 
suckling mice were inoculated in Ft. Collins, CHC awoke with mild 
myalgia and arthralgia, slight elevation of temperature (37.40C), a 
mild frontal headache and mild photophobia. A blood sp'ecimen was 
drawn and the serum separated and inoculated into SM by the ic route 
on the same day. The mice were housed, handled and maintained in 
separate, but adjoining, quarters from those used for mice inoculated 
with specimens from Yugoslavia. Symptoms in the patient lasted 
approximately 48 hours, but were not so severe as to cause absenteeism. 
No sequalae were observed. On the 6th day after inoculation, 14 of 
14 SM showed signs of infection characterized by weakness, ataxia, 
hyperpnea, anorexia, and tremors. By the following day, two were dead 

• and the remaining 12 prostrate. All mice were collected, their brains 
harvested and pooled and the isolate designated R-1819. The virus 
later was reisolated from the serum drawn April 25, this serum had 
titers of 106 SMICLD50/ml and 106.2 plaque forming units per ml in 
Vero cells. The patient was bled 31 and 185 days after onset of 
symptoms. A serum fortuitously drawn 3 days prior to onset, the sera 
drawn 31 and 185 days after onset, a mouse immune serum prepared 
against Bhanja strain #7, and two reference mouse hyperimmune ascitic 
fluids prepared against Bhanja virus strains from India {IG 690} and 
Nigeria (IbAr 2709) were tested by complement fixation against crude 
antigens prepared from strain #7, an antigen prepared from isolate 
R-1819 and sucrose acetone extracted antigens of the reference strains. 
All reference materials were kindly provided by Drs. Robert E. Shope 
and Jordi Casa1s, Yale Arbovirus Reference Unit, New Haven, Connecticut. 

The results, presented in Table 1 show identity of strain #7, isolate 
R-1819 and the two reference strains of Bhanja virus and demonstrate 
a diagnostic rise in titer to Bhanja virus in the sequential sera from 
the patient. 

Both strains #7 and R-1819 were tested against the three sera from the 
patient and the mouse serum prepared against strain #7 in a serum 
dilution plaque reduction neutralization test performed in Vero cells, 
using 100 plaque forming units of each virus. As may be seen from 
Table 2, both· Bhanja strains #7 and R-1819 reacted with the,mouse 
serum and the patient's sera drawn 1 and 6 months after onset, 
demonstrating diagnostic rises in antibody in the patient. 

The patient handled both viruses 34, 22, 20, 13, 9, 5, 4 and 2 days 
prior to onset of his symptoms. At best, one may estimate the 
incubation period for from 2 to 13 days prior to onset; however, the 
most probable frame of reference is 2 to 9, 4, 5 or 9 days as these 
were the times when virus was worked with most intensely. It must 
be pointed out that all mice on test were examined daily and infection 
of the patient could have occurred through contaminated water, feed, 
bedding, feces and urine or other fomites within the area ,housing the 
animals. 
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Since this virus had never been in this laboratory prior to the 
isolation of the two strains from Yugoslavia, it appears reasonable 
to relate the patient's illness, the isolation of Bhanja virus from 
the patient's serum, the fact that all mice showed signs of illness 
after inoculation with patient's serum R-18l9 drawn the day of onset 

'of symptoms, reisolation of the virus from the patient's serum, the 
similar CF and N reactivities of strains #7 and R-18l9 with the 
patient's sera, the mouse serum and the reference Bhanja-immune 
ascitic fluids, and the diagnostic rise to Bhanja virus one and six 
months after onset of symptoms. It can be concluded that the patient 
had been infected with Bhanja virus and that his illness was a 
consequence of the infection. 

Bhanja was first isolated from Hemaphysalis intermedia ticks from a 
paralyzed goat in India, but it was not possible to associate the 
paralYSis to the virus. Since that time, Bhanja virus has been 
isolated from only two mammals, an African ground squirrel (Xerus 
erythropus) and an African hedgehog {Atelerix albiventr;s}, although 
goats, sheep and other mammals have been shown to have antibody in 
serosurveys in India and Italy. This then is the first report of a 
human infection with Bhanja virus and serves to demonstrate the 
importance of taking precautions when working with poorly characterized 
viruses, even for highly experienced personnel working with excellent 
facilities and immunized against a battery of arboviruses known to 
cause disease in man. 

C. H. Calisher 
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TABLE 1 • CROSS-REACTIVtTY OF STRAIN R-1819 BY COMPLEMENT FIXATION 

• 

• ~ 
C.H. ~G l1.sher sera MIS From YARU 

Antig~n 
BhanJa BhanJa Normal 

4-22-74 5-23-74 10-24-74 Bhanja #7 (IbAr270.9 ) (IG690) Mouse 
HIAF HIAF Serum 

Bhanja #7 <8 16 32 128 64 32 <8 

R-1819 <8 32 32 128 128 64 <8 

Bhanja <8 16 32 64 64 32 <8 
• (IbAr2709) 

Bhanja <8 16 64 128 64 64 <8 
(IG690) 

Norrn~l ... 8 <8 <8 <8 <8 <R <R 

TABLE 2. CROSS-REACTIVITY OF STRAIN R-1819 BY NEUTRALIZATION 

~. C.H. Cal isher sera MIS 
Norma I 

Virus 4-22-74 5-23-74 10-24-74 Bhanja #7 Mouse 
Serum 

Bhanja #7 <40 ~640 320 320 <10 . 

R-1819 <40 160 40 80 <10 
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Field studies of-Colorado tick fever in Rocky Mountain National Park 

During 1973 and 1974, the Vector-borne Diseases Division documented 143 
cases of human Colorado tick fever (CTF). A large number of the patients were 
exposed to CTF virus in or around Estes Park and the Rocky Mountain National 
Park. In 1974 extensive field studies were initiated in Rocky Mountain 
National Park in attempts to elucidate tick and mammalian involvement in the 
CTF maintenance cycle in this area of apparent high human exposure. Ecolog
ical parameters examined included 

1. Focality and intensity of CTF transmission 
2. Altitudinal variation in CTF transmission, vectors and reservoirs 
3. Differential involvement of mammalian species 
4. Tick ectoparisitism on mammal species 
5. Infection rates in several tick species and stages and their relation

ship to mammalian hosts 
6. Seasonal variation in the above factors 

Animals and ticks were collected in seven locations ranging in elevation 
from 7,500 to 10,500 feet. Two areas (Upper Moraine Park, Beaver Meadow) 
were undisturbed natural settings of south-facing slopes, meadow and north
facing slopes. One area (Rock Ridge) was undisturbed tundra. Four areas 
(Moraine Park Campground, Aspenglen Campground, Many Parks and Rainbow) were 
ecologically disturbed by human campgrounds or animal feeding areas. Marked 
differences were found in levels of CTF transmission between the different 
areas studied (Table 1). The highest virus isolation rates from mammal blood 
samples and immature ticks were found at Upper Moraine Park, a relatively 
undisturbed area contiguous to Moraine Park Campground where the next highest 
virus isolation rates were found. Twenty-one per cent of larval and nymphal 
tick pools and 6.5% of animal blood samples were virus positive at Upper 
Moraine Park vs. 11.4% and 4.5%, respectively, at Moraine Park Campground. 
Adult tick virus isolation rates, however, were highest at Moraine Park 
Campground (50% of pools positive). 

More moderate levels of virus activity were found at Aspenglen Campground, 
Many Parks, and Beaver Meadow. No virus isolations were made at Rainbow or 
Rock Ridge, both of which were above 10,000 ft. elevation. Significant virus 
activity was seen at Many Parks (Elev. 9,300 ft.) as well as the four areas 
at 7,500 ft. 

Table 2 shows virus isolation rates from the blood of the four most 
abundant mammalian species (Eutamias minimus, the least chipmunk; Spermophilus 
lateralis, the golden-mantled squirrel; Spermophilus richardsoni, 
Richardson's ground squirrel; and Peromyscus maniculatus, deer mouse) and the 
90% plaque reduction neutralization serology from the same animals. Virus 
isolation and seropositivity rates were highest overall in E. minimus, followed 
by ~. lateralis. In the areas of highest virus activity (Upper Moraine Park, 
Moraine Park Campground), virus isolation rates were much higher in E. minimus 
(19.2% vs. 5.6%) but seropositivity rates were comparable in both species 
(35.2% vs. 37.7%). The results imply that viremia at titer high enough to be 
detected was more persistent in !. minimus. At Many Parks, where~. lateralis 
and E. umbrinus in place of E. minimus were collected, virus activity occurred 
only-in~. lateralis. 
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Virus isolations from ticks were made almost entirely from Dermacentor 
andersoni. Twenty-eight CTF isolations were made from adult D. andersoni 
collected by dragging. Over one hundred CTF isolations were made from 
nymphal D. andersoni collected as ectoparasites from mammals. Only three 
isolates-came from D. andersoni larval pools. Two isolations were made from 
pools of larval Ixodes spp. ticks, all stages of which were taken as ecto
parasites from trapped mammals. D. andersoni collected, as ectoparasites 
were almost entirely nymphs between April and July. In August and September 
the larval stage predominated. 

The highest percentage of animals infested with ticks (49.5%) and the 
highest tick load per infested animal (6.2 ticks/infested animal) were seen 
in S. lateralis. Additionally, 22.5% of tick pools from S. 1ateralis were 
virus positive vs. 17.2% of pools taken from !. minimus. 

Monthly variation was evident for some of the parameters studied. Adult 
ticks were abundant only in April-June and were very difficult to obtain from 
July-September. Peak infection rates of ectoparasite D. andersoni nymphs 
were in May and June. In the Moraine Park area, virus-isolation rates from 
blood samples of E. minimus were highest in April, May, July and August 
(18-30%). Lower numbers collected in June may have biased results negatively 
for this month. A definite fall in proportion of viremic chipmunks took 
place in September, during which month'only 2 of 40 (5%) of these animals 
bled were viremic. Rates of virus isolation in S. lateral is remained between 
5% and 7.5% during May to August when these animals were above ground. 

Further studies to relate vertebrate and vector population parameters to 
virus maintenance are in progress for 1975. Experimental studies of CTF in
fections in the above vertebrate hosts in the laboratory are also being 
carried out since seropositive viremic animals have been found, and since 
only about 50% of a small number of viremic animals were seropositive on 
recapture one or more months after initial capture. 

(G. Stephen Bowen, Robert G. McLean, D. Bruce Francy, Allen M. Barnes, 
Werner L. Jakob, and Charles H. Calisher) 
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TABLE 1 

en VIltUS ISOLATIONS IN 7 RMNP STUDY AREAS • 
Type of Specimen Tested 

Adult Tick IDDDature Tick Mammal Blood • 
No. Pooll No. % ~!o. Pools No. % No. Pools No. % 

Area Studied Tested Pos. Pos. Tested Pos. Pos. Tested Pos. Pos. 

Upper Moraine Park 42 6 14 406 87 21 518 34 6.5 

Moraine Park CampI round 30 15 50 183 21 11.4 463 21 4.5 

Aspenglen Campground 2 0 0 235 5 4.8 242 8 3.3 

Many Parks 13 4 31 43 1 2.3 70 4 5.7 

Beaver Meadow 10 3 30 113 5 4.4 240 4 1.6 • 
Rainbow 4 0 0 5 0 0 155 0 0 

Rock Ridge 0 28 0 0 

TABLE 2 

CTF VIRUS ISOLATIONS AND SEROLOGY FROM FOUR ABUNDANT MAMMALS OF RMNP 

Type of SpeciD'.en Tested 

Virus Isolation Plaque Reduction Neut. Serology 
No. No. % No. No. % 

SDecies Bloods Tested Positive Positive Bloods Tested Positive Positive 
I> 

E. minimus 218 34 I! .5 208 70 33.6 

.. 
S. lateralis 398 22 5.5 367 80 21.7 

S. richardsoni 351 9 :!.5 333 5 1.5 • 

P. maniculatus 604 5 (J.8 580 56 9.6 
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TABLE 3 

TICK ECTOPARISITISM AND VIRUS ISOLATIONS FROM FOUR MAMMAL SPECIES IN RMNP 

II Animals /I Ticks % Tick /I Ticks /I TiCk~lnfeHd /I Ticks /I Pools /I Pos. % Pos. 
S ecies Collected Infested Infested Collected Animal Tested Tested Pool Pool 

E. minimus 293 110 37.5 434 3.9 392 128 22 17 .2 

..... S. lateralis 519 257 49.5 1605 6.2 1529 363 82 22.5 ...... 
I.>J 

S. richardsoni 459 136 29.6 265 1.9 231 145 8 5.5 

P. maniculatus 953 177 18.6 429 2.4 315 169 5 2.9 

Other 241 19 7.8 99 5.2 86 30 . 1 3.3 



REPORT FROM ENVIRONMENTAL AND ECOLOGY BRANCH, U.S. ARMY 
DUGWAY PROVING GROUND, DUGWAY, UTAH 

During July, August, and September 1974 insects were collected by 

CDC miniature light traps at three sites along the western border and 

four sites along the southern border of Utah. Insects were sealed in 

vials, frozen on dry ice, and transported to Dugway where they were 

pooled on a CDC chill table prior to intracerebral inoculation into 

suckling mice. From western Utah 25,470 insects were obtained with 

123 trap nights for an average of 207 insects per trap. There were 

45 California Group (CAL) viruses, of which 41 were from Aedes dorsalis 

from Blue Lake near Wendover, Nevada, and three unidentified isolates. 

Viruses not yet identified were one each from A. dorsalis, Culex tarsalis, 

and Culicoides variipennis from Callao, Utah. From southern Utah 5863 

insects were collected with 252 trap nights for an average of 23 insects 

per trap. The only three viruses isolated were from Anopheles freeborni 

from Beaver Wash, Arizona, near the Utah-Nevada border and these have not 

yet been identified. 

(G. T. Crane, R. E. Elbel, and K. L. Smart) 
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REroRT FROM THE VIRAL AND RICKETTSIAL DISEASE LABORATORY, 
CALIFORNIA STATE DEPARTH:E1IT OF HEALTH, BERKELEY, CALIFORNIA 

Surveillance for mosquito-borne encephalitis during 1974 again confirmed 

the persistance of western encephalitis (WEE) and St. Lpuis encephalitis (SLE) 

viruses in mosquitoes, but they were detected much less frequently than in 

previous survey years. Only 4 strains of WEE virus were isolated from sites 

in Riverside County, and only 2 strains of SLE virus from Imperial County. 

There were 29 strains of Turlock virus isolated from Colusa, Imperial, Kern, 

Placer, Riverside, San Bernardino, Shasta, Solano, and Sutter Counties, and 

from Mojave and Yuma Counties in Arizona. Uine strains o.f Hart Park virus 

were isolated from Kern, Placer, Solano, Stanislaus, Tehama and Yuba Counties. 

All viral isolates were from Culex tarsalis except for 2 isolates of ~~lock 

virus from Culex erythrothorax. A total of 67,299 mosquitoes in 1,690 pools 

were collected and tested from April 10 through november 22 from study sites 

in 26 California counties and from Mojave and Yuma. Counties in Arizona. A 

limited budget required this smaller effort as compared with 197.3, when 

4,838 pools were tested (75 strains of SLE virus and 97 strains of WEE virus 

isolated), or 1972 when 6,.3.36 pools were tested (64 strains of SLE virus 

and 42 strains of WEE virus' isolated). 

The appar:ently low level of \'lEE and SLE virus activity during 1974 was , . 

reflected in an unusually low incidence of human and equine arbovirus disease. 

Although the usual extensive screening program of suspect encephalitis cases 

was carried out statewide (643 persons tested serologically for \,1EE and SLE 

by the Viral and Rickettsial Disease Laboratory and by 5 County Public Health 

Laboratories), for the first time since specific laboratory tests were 

developed in the 1940' s and accurate records have been kept, there were no 

proven human cases of WEE or SLE acquired in California. One case of SLE 
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was confirmed in an 87 year old woman in Bakersfield, Kem County. She had 

arrived for a visit on August 23, having left her home in Alvin, Brazori . 
County, Texas, on August 20. r·1osquito exposure in Texas 'Was her presumptive 

source of infection. Onset of illness was August 28, with fever, earache, 

and "cold" symptoms. She was hospitalized when she developed fever to 1040 F, 

inability to 'Walk, then coma. The cerebrospinal fluid had 68 cells (pre

dominantly lymphocytes) and 70 mgm% protein. The complement-fixation test 

for SLE showed a riSing antibody titer from 1:4 to 1:32. The indirect 

fluorescent antibody test showed SLE antibody titers of 1:256, and the 

hemagglutination-inhibition test showed titers of 1:640 in both the acute-

and conva1.eacent-phase sera. The mouse neutralization index 'Was 2.8 in 

the acute-phase serum and 3.3 in ~he convalescent-phase serum. The patient 

recovered completely and retumed home to Texas. 

On~ 2 cases of v~ in equines had laboratory confir.mation during the 

year: a 6 year old horse from Bakersfield, Kern County, with onset July 13 

(presumptive positive); and a 1 year old horse from Temecula, Riverside 

County, with onset August 31. There were 59 other suspect equine cases 

reported to the Department, but laboratory proof of the etiology could not 

be obtained. 

The other arbovirus disease of significance during 1974 was Colorado 

tick fever: 14 cases were confirmed in persons exposed to tick bite in 

Alpille, Lassen, Hodoc, Mono, Placer, and Plumas Counties and in Colorado. 

This brings the total proven cases since record-keeping began in 1954 to 

179. It is undoubted~ under-reported, and may be the commonest vector

borne infectious disease in California. 

(R. W. Emmons) 
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REPORT FROM THE DIVISION OF MEDICAL MICROBIOLOGY 

UNIVERSITY OF BRITISH COLUMBIA, VANCOUVER. CANADA 

California encephalitis (CE) virus isolates from wild-caught adult 

Aedes communis mosquitoes (74-Y-234) and Aedes sp. larvae (74-L-82) in the 

Yukon Territory during summer 1974 have propagated in laboratory-bred !. 
aeSypti mosquitoes after intrathoracic injection of 100 mouse LDSO of CE 

isolate and incubation both at SSoF and 70°F. Infectivity increments were 

detected in thoraces, and CE-specific immunoperoxidase staining of cyto

plasm of acinar cells of salivary glands was demonstrated in mosquitoes after 

6 to 27 days incubation at 55°F for the 74-Y-234 strain, after 6 to 21 days 

incubation at 70°F and after 30 days' incubation at 55°F for the 74-L-82 

strain. The minimum infectivity dose of the 74-Y-234 strain for!. aeSypti 

by intrathoracic injection was 0.1 mouse LDSO after incubation for 12 days 

at 700F and 55°F. CE specific immunoperoxidase staining and infectivity 

increments were detected after 3 days' incubation at 70°F, 9SoF and 102°F, 

following intrathoracic injection of A. aeSypti with 100 mouse LDSO of the 

1971 Yukon prototype strain (Marsh Lake 23) of CE virus (snowshoe hare sub

type). 

A recent Alaskan Bunyavirus isolate, Northway (NOR) virus, has propa

gated after intrathoracic injection of A. aeSypti with 100 mouse LDSO ' 

following 6 and 13 days incubation at SSOF, 2 to 20 days at 7ooF, 2 and 3 

days at 9SoF and 2 and 3 days at 102oF, and NOR-specific immunoperoxidase 

reactions were observed by light microscopy of salivary glands from infected 

mosquitoes. 

Murray V~lley encephalitis (MVE) replication was demon~trated in ~ 

aegypti mosquitoes 3 to 6 days after intrathoracic injection of 300 mouse LDSO 

following incubation at 70oF, after 2 to 6 days at 9SoF and after 2 to 6 days 

at 102°F, and MVE-specific immunoperoxidase reactions were detected in sal

ivary glands of infected mosquitoes. After injection of 10 and 1 mouse LDSO 

viral replication and immunoperoxidase staining were observed following 19 

and 26 days' incubation at SSoF. The minimum infectivity dose of MVE virus 

for A. aeSypti incubated'for 19 days at 70°F was 0.1 mouse LDSO' 

(D.M. McLean) 
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REPORT FROM THE PACIFIC RESEARCH SECTION 

NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES 

NATIONAL INSTITUTES OF HEALTH, HONOLULU, HAWAII 

A. Transovarlal transmIssIon of La Crosse virus by Aedes alboDJctus. 

Recent reports of IsolatIons of La Crosse, Keystone, and snowshoe hare 

vIruses from wIld caught Aedes sp. mosquito larvae as well as laboratory demon

stratIon of La Crosse vIrus transovarlal transmIssion by ~. trlserlatus suggest 

that vertical transmission In mosquItoes may be a mechanIsm common to many 

viruses of the CalIfornIa serogroup. These reports prompted us to test whether 

LAC virus transovarlal transmIssion might occur in other mosquito species. We 

also considered whether vertical transmIssion might occur with several related, 

non-CalifornIa group vIruses. 

Groups of female~. albopictus and £. fatlgans were Inoculated with each of 

the following viruses: La Crosse, Cache Valley, Batai, Arumowat, Itaporanga 

and VSV-Indlana. After incubation at 32°C for 8 or 10 days, the mosquitoes were 

allowed to feed on clean laboratory mice. The subsequent eggs were collected, 

hatched and the resultant adult offspring were tested Individually for the 

presence of virus. Results are summarized In Table I. 

Transovarlal transmission of La Crosse virus by experimentally Infected 

A. alboplctus females to 2.7% of their Fl generation offspring was demon

strated. Progency of both sexes were Infected. Mean virus titers In parent 

mosquitoes and infected Fl generation adults were 104.6 and 103.4 PFU/insect, 

respectively. The La Crosse Infected offspring were randomly dIstributed 

among the female parents. After 2 serial passages in ~. alboplctus, a marked 

change occurred in the plaque morphology of the virus but this had no apparent 

effect on the subsequent vertical transmissIon rate. In contrast, transovarlal 

transmIssion dId not occur in La Crosse Infected Culex fatlgans or with A. 

alboplctus and £. fatigans infected with VSV-Indlana, Cache Valley, Batal, 
Arumowot and Itaporanga viruses. Results of this experiment indicate that the 

La Crosse model mIght be useful in studying the mechanism of transovartal trans

mission In additIonal mosquito species. The data also suggest that while 

vertIcal transmIssion may be a mechanism common to the California serogroup, 

It does not occur with all Bunyavlrldae. 

(R.B. Tesh and D.G. Gubler) 
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Table 1 

S~ry of viruses tested In 

A. aiboplctus and £. fatlgans for transovarlal transmission 

Hean virus Transovarial 
MosquIto titer of .,.rents Number of FI transml ss ion 

Virus tested specIes post-oviposition offsprIng tested rate 

La Cross. A. alboplc:tus ".6* 1,022 2.7% 

La Crosse C. fatlgans ".8 316 0 ,... 
........ 

Cache Va II ey A. alboeictus , It.2 166 0 \0 

Cache Va 11 ey C. fatlgans 3.8 21 0 

Batal C. fattgans ".2 237 0 

Arumowot A. alboelctus It.3 92 0 

Itaporanga A. a1boe'ctus 2.5 87 o· 
Itaporanga C. faUgans 3.7 122 0 -
VSV-Indiana A. alboeictus 2.5 173 0 

---------

* Log 10 plaque forming units per Insect as assayed In Vero cell cultures. 



B. FaIlure of rubella virus to replicate In mosquitoes. 

Rubell. virus recently has been Included In the togavlrus family because of 

physicochemIcal and morphologIc relatIonshIps to the alpha-and flavlvlruses. 

Although rubella virus Is antlganlcally distInct from arbovlruses of the A and B 

serogroups, several workers hive sugflstad that It mIght be an arbovIrus. In 

order to determine whether rubella virus replIcates In arthropods, survIval of 
the vIrus was studied follOWing puenterl'l Inoculatl~n Into mosquitoes. 

Rubel1a vIrus used was the "-33 straIn, obtaIned from the American Type 

Culture Collection, passed 3 tImes In 15C-I and twice In Vero cell cultures. 

MosquItoes utilized were I to 3 day old femate~. albopictus and f. fatigans from 

our laboratory colony. Each Insect was Inoculated Intrathoraclcal1y wIth approx

Imately 0.0003 ml of undiluted vIrus sUlpenslon. ImmedIately after Inoculation, 

6 mosquitoes of each species were frozen at -700 C for subsequent virus tItratIon. 

The remaInIng Insects were maintained on lot sucrose solution at 320 C and were 

sampled 7, 14 and 21 days post-Inoculation. 

Assay of rubella vIrus was dona In tube cultures .?f the RKI3 continuous line 

of rabbIt kidney cells, provldad by Dr. Paul D. Parkman. Bureau of BiologIcs, 

Food and Drug Administration. Mosquitoes were triturated IndIvidually In sterile 

Ten Broeck tissue grinde~ wIth 2.0 ml of phosphate buffered saline, pH 7.4, 

containIng 0.5' gelatin. 25' heated calf serum (56°C for 30 minutes). 800 units 

penicillin and 800 ~g streptomycin. Aftar centrifugation of the mosquito 

suspension at 8,800 g for 30 minutes at 5°C. serial 10-fold dilutions of the 

supernatant were prepared. Then 0.1 ml of each dilution was Inoculated Into 

4 RKI3 tube cultures. After absorption for I hour at 3roC. 1.0 ml of maintenance 

medium was added to each tube. and the cultures were Incubated at 320 C for 21 days. 

The medium was changed. every, 3 to 4 days. CuI tures were observed regularly for 

21 days for rubella cytopathic effect. Virus titers were calculated as the tissue 

culture cytopathic dose 50 (TCI050) per mosquito by the method of Reed and Muench. 

Table 2 summarlzas results of thIs axperlment. Rubella virus tIters in 

mosquitoes tested Immediately after Inoculation (day 0) ,varied from 10 1•8 to 103•4 

TCI0
50 

per insect. In contrast. no virus was detected In mosquitoes sampled on 

days 7. 14 and 21 post-Inoculation. These data Indicate an inabIlity of rubella 

virus to replicate or to survive in mosquito tissues (~. albopictus and f. fatigans). 

Thl's we interpret as further evl,dence that'rubella Is not an arbovirus. 

(R. B. Tesh and L. Rosen) 
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Table 2 

Culture results of mosquitoes Inoculated with rubella virus 

A. alboelctus 

, Day Post- No. pos. Range of Mean No. poSe 

Inoculation No. tested titers titer No. tested 

0 6/6 102• 5 .. 1-03.. 5* 102•9 6/6 

7 0/6 0** 0/6 

14 0/6 0 0/6 

21 0/9 0 0/3 

--------------------------

* 

** 

TCIDSO ~r __ ~!1~ect as ,titrated In RK13 tube cultures. 

o • <101•3 TCID50 

f. fatlgans 

Range of 
titers 

101 •8 .. 102 • 8 

0 

0 

0 

.. • 

Mean 
titer 

102•3 



A method to study transmission of dengue virus by mosquitoes 

Transmission studies with dengue viruses have been limited in the past 

,by the lack of a suitable vertebrate laboratory host. Both man and lower 

primates have been used for this purpose, but both have obvious disadvantages. 

Moreover, in transmission studies using these hosts, it is not possible to 

determine the amount of virus expelled by the mosquito while feeding. We would 

like to describe a simple method of measuring the amount of virus a mosquito 

may expe 1. 

After an incubation period sufficient to allow virus to replicate in the 

salivary glands, infected mosquitoes are transferred to Individual 9 dram vials 

covered at the top with fine mesh nylon organdy and starved for 24 hours. A 

drop (0.025 ml) of feeding suspension consisting of equal parts of washed human 

erythrocytes, heat inactivated calf serum, and 10% sucrose is placed on the 

nylon organdy of each vial using a "Biopette" automatic pipetter. The vials 

containing individual mosquitoes are placed In a row so that an observer can 

watch each mosquito as It either feeds or probes the drop. After feeding, 

the amount of blood ingested by each Insect Is recorded. A drop of phosphate 

buffered saline (PBS) (pH 7.4) containing 30% heat Inactivated calf serum is 

then added to the drop of feeding suspension wlt~ the automatic pipetter using 

a clean tip for each mosquito. The PBS and feeding suspension Is then mixed 

thoroughly with a Pasteur pipette and transferred to a labeled dram vial. 

This mixture contains approximately 0.05 ml and can be stored at -800 c until 

• 

.. 

, 

assayed for virus content. If desired, the virus content of the entire mosquito • 

or Its salivary glands can then be studied, either by virus assay or a direct 

fluorescent antibody technique. 
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The feeding drop for each infected mosquito is assayed quantitatively for 

virus content using the mosquito inoculation technique described by Rosen and 

Gubler. Briefly, serial dilutions of the feeding drop are inoculated intra

thoracically into Aedes albopictus. The inoculated mosquitoes are held for 

10 days at 320 C and then tested for the presence or absence of virus. At 

least 5 mosquitoes are tested for each dilution and the mosquito 1DSO calculated 

by the method of Reed and Muench. 

The data presented in Table I show that the majority (83.3%) of the 

mosquitoes with all salivary gland lobes fully infected will transfer virus to 

the feeding drop and presumably would have transmitted the infection to a 

susceptible animal host. The amount of virus transferred ranged from <102•5 to 

over 104•0 MIO
SO

' Even mosquitoes which probed the suspension without feeding 

were capab~e of virus transfer (mosquito no. 32689N). The reason that 2 

mosquitoes failed to transfer virus is not known. This occurred in an early 

experiment and could have been due to faulty technique. 

Obviously, this method could also be used to estimate the vector 

competence of mosquitoes for viruses other than dengue without employing labora-

tory animals. 

(O.J. Gubler and L. Rosen) 
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Table 1 

Transfer of dengue 2 virus by Aedes alboplctus 

to an artificial feeding suspension 

Amount Amount of virus 
Mosquito of blood expelled 
number* Ingested** Transmission (M 1°50) 

32525Y 3/4 + 3xl02 

3252588 1/2 + 103 

32525JJ <1/2 + 3xl02 

32525KK <112 + > 103 

32907G F 

32907H 3/4 

32689K F + 5xl03 

32689L F + <3x102 

32689H 1/2 + 5xl02 

32689N trace + 5xl02 

32842P F + > 104 

Total 83.3% 8xl02 

* Dengue antigen was observed by the direct fluorescent 

antibody technique In all tissue of the six salivary 

gland lobes of each mosquIto. 

** F· fully engorged 

fractions • estimated fraction of potential complete 

blood meal ingested by mosquito 

trace • mosquito probed but took little blood. 
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REPORT FROM THE VETERINARY RESE~RCH LABORATORY, 
NAIROBI, KENYA 

By CF and indirect FA tests carried out using Nairobi Sheep Disease 
(NSD) antigen and mouse ascitic fluids prepared against NSD and Ganjam 
viruses, the viruses seem to be identical or closely related. CF tests with 
Ganjam antigen and NSD antiserum confirmed this relationship • 

(F.G. Davies) 
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