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Abstract

The program objectives are to deterrmine the roles that arboviruscs play in

producing infection and/or disease in ran, with special reference to their

ecology and the clorification of the non-urban cycles of dengue. The survey to

disLtbas investigated a great variety of areas of differing ecology throughout

Malaysia. Improved and intensified muthods of collection hervf allowed sanpling

of great nunbers of L'.osquitoes for virus isolation. Predominant species, species

ccuposition and habits of r.osquitoes in various areas have been elucidated.

Extensive collection of anir-als and human sera he provided information on the

incidence and distribution of arbovirus infection in r.an and anir'als, while the

diagnostic service h"- provided routin. surveillance of arbovirus disease.

Additional serological evidence strongly supporting a jungle cycle for

dengue has been obtained in wild m•onkeys and forest-dwelling aborigines, while

no evidence ha" been found to deonstrate significant involverent of any other

animals. Bats show evidence of group B infection, but this is probably not due

to dengue virus.

The discovery of Zika virus, previously known in Africa only, in Aedes aegypti

and serological evidence of Zika infection in ran and wild monkeys is significant.

A new arbovirus, Seletar, is described and a large number of unidentified

virus isolates from mosquitoes, ticks, and sentinel aninals are being investigated.

A serological survey of residents of Djakarta, Indonesia, the first to be done,

revealed the occurrence of dengue and Japanese encephalitis and possibly

chikungunya infection.

A study of the Manila henorrhagic fever epider.ic of 1966 has resulted in the

isolation of numerous strains of dengue and has revealed Lhe probable presence of

Zika virus infection.

a l. .. • l a qm• ,,,l• ", - •• q•-.- - e'z• .m• • . . .• • "'" • " ''''" :"-' . ',•



It is anticipated that the projected intensive-phase studies of dengue

ecology will be initiated shortly in rural and jungle sites.
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Arbovirus Research Unit

The Ecology of Dengue and Other Arboviruses of Malaysia*

Introduction

Background:

Dengue has . bven regardcý, .- a• mild disB&.e. The serious nature

of the dissase as it was recorded in the Brisbane epidemic over 60 years ago and

in the great Greek epidemic almost 4 0 years ago had received little attention.

During the past decade, the medical and scientific world has been surprised by the

frighteni.g outbreaks of hemorrhagic dengue +hat occurred in the Philippines,

Thailand, Malaysia, and most recently, India. There are now no doubts about the

serious nature of this infection. Recurring outbreaks in Bangkok alone have

resulted in the death of thousands of children since 1958. The clinical picture

has been well-documented: fever with or without rash, not dissimilar to ordinary

dengue, followed by sudden collapse, a hemorrhagic diathemis, coma, and often death.

The emergence of this serious form of dengue in southeastern Asia has probably

become one of the most important virus problems of this decade. The future develop-

ment of this disease is not only unknown and unpredictable at the present stage of

our knowledge, but is also a cause for grave concern. There is no specific therapy

available nor have the experimental vaccines available yet been adequately tested

* Supported in part by the University of California International Center for

Medical Research and Training vith Research Grant TW-00144 from the Office of

International Research, National Institutes of Health, U.S. Public Health Servic4

and by the U.S. Army Medical Research and Development Co~mand, Department of the

Army, under Contract No. D 49193 MD 2931.
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or proved. We have had essentially no information on possible endemic or enzcotic

cycles nor do we know anything about the genesis of the recent epidemics. The

urgent need for extensive laboratory and especially field studies is clear and

long term studies in the home areas of the disease are strongly indicated.

In 1962, we initiated a study of the ecology of dengue in 1Malaysia, based on

the suspicion that the virus is active in forest areas away from normal human

activity and in the absence of Aedes aegypti mosquitoes. From 1962 to 1964, more

than 2200 animals representing over 50 species of 28 genera were collected

principally by live trapping in irban, rural, and forest areas of differing

ecology. Most of the common mammals were well-represented in the collections,

which included reptiles, birds, insectivores, rodents, bats, primates, and domestic

species. The only groups that were not well-represented in terms of numbers

collected were the bats and birds and we are presently attempting to fill in this

gap. In addition, over 25,000 live adult mosquitoes were taken. These included

more than 69 species of eight genera from several areas of differing ecology.

Virus isolation attempts in suckling mice and employing the dengue challenge

technique were made from the mosquitoes, and sera and tissues of the other animals.

No dengue virus was isolated, from any of the material, although other viruses

including some arboviruses were. During the same period, dengue viruses were

isolated from sera of dengue patients in ?&laysia.

The animal sera were tested for the presence of hemagglutination-inhibiting

(HI) antibodies for thirteen arboviruses. Eight units of sucrose-acetone extracted

antigen were used and sera were treated with acet-ne. The antigens included all

the group B arboviruses known to occur in Mlaysia and Singapore (Dengues 1, 2, 3,

4, Japanese encephalitis, tembusu, and Langat) as well as Sindbis, chikungunya,

getah, and eastern equine encephalitis in group A, marituba in group C, and batai

in the bunyamwera group. A serum titer of 1:20 or greater was considered positive.
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Although confusing HI antibody patterns may result from repeated infection

by the same virus, subsequent infection by a related virus, or by the passage of

time after infection, one may recognize a meaningful and significant pattern when

sera are tested against several viruses of the same group. Such a pattern emerged

in our survey. Of all the animal species tested, only the monkeys and domestic

animals demonstrated significant group B infection. .Among these group B positive

domestic animals (pigs, horses, cattle, goat3), Japanese encephalitis HI antibody

was present with little or no evidence of other group B antibody except among the

pig• Of 50 pigs collected in Penang while dengue di;ease was occurring in the

human population, 82% had JZ HI antibody and 581 had dengue H! antibody. The JE

antibody was highest in titer except in two an4 als "ihere it was equal to the

dengue titer. In neutralization tests, only 20% of the animals tested had dengue

antibody in low titer. -It --_5 reasonable to conclude that the majority, if not

all, of the group B antibody in the pigs was due to infection with Japanese

encephalitis virus.

Of 238 monkey sera tested by HI, the majority represented Bcaca irus, the

long-tailed macaque, and Presbytis cristatus, the silvered leaf monkey, two of the

most common species in Malaya. For all species, the percentage of positives for

the four dengue types ranged from 52 to 62%. The percentage for Japanese

encephalitis was 56%, for Langat 451, and for tembusu 32%. In almost all cases,

HI titers were highest for the dengues and in some cases the dengue titers were

high enough (>_1:1280) to suggest current or very recent infection.

Of all the group B HI positive monkey sera, ncne h"d significant neutralizing

antibody (,Ž 2.0 log neutralization index) for tembusu or langat viruses. Only

two sera demonstrated low-titered neutralizing antibody for Japanese encephalitis

virus. In contrast, 85% of all the HI group B positive sera had significant

neutralizing antibody for dengue type 2 virus. Only a small sample (26) of the
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HI group B positives have been tested so far for neutralizing antibody for all

four dengue types. Of these, all had significant neutralizing antibody for one

or more types. On the basis of these results, it was quite reasonable to conclude

that the majority of the group B antibody demonstrated was due to infection by one

t r more of the dengue viruses.I
SAdditional serological evidence of dengue virus activity was obtained from a

series of 215 sera taken from forest-living aborigines in M1laysia in 1965 and

1966. These sera, which were tested by HI only, showed minimal group A activity

and broad group B activity. Of the 49 sera taken in 1965, all were positive for

one or more Group B viruses, while of 166 sera from 1966 only eleven showed no

group B activity. The majority of the negatives were from children less than ten

years of age. On the basis of highest serum titer obtained, dengue type 3 was the

most active virus, while dengue types 2, 4, and 1 appeared less active or less

recent in activity. Again on the basis of level of serum titer obtained, activity

of Japanese encephalitis, tembusu, and Langat viruses appeared to be considerably

less than for the dengues. The overall pattern suggests that one or more of the

dengue viruses was responsible for the majority of the group B antibodies

demonstrated. In comparison with 151 normal human sera taken in an urban area,

Penang, in 1964, we found less group B and/or dengue activity than among the

forest aborigines, although dengue virus, again, appeared to be responsible for

the majority of the group B antibody demonstrated.

In conclusion, .,e felt that the serological findings suggested almost

conclusively that a cycle of dengue virus, involving monkeys and unknown forest

mosquitoes has been active in the forests of Malaysia. Rural dengue, which is

mild and often unrecognized is probably maintained by Aedes albopictus transmission

among susceptible humans with occasional re-irnroductions from the forest. Aedes

albopictus undoubtecly transmits dengue in suburban and urban areas also, where

S. ..5•.:•¢ ... •A,• .• ".•- ,,.. . ,. . . , -.
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it occurs, but A. aegypti is responsible for epidemic dengue, which is often severe

in nature. Although we feel that the serological results are convincing, we

recognize that the final proof lies in demonstrating that the virus can be isolated

in these areas frot forest animals and mosquitoes. Thus, one of the principal

objectives of the current study is to isolate dengue virus frcc sentinel monkeys,

wild Lionkeys, and mosquitoes in forests of Malaysia.

The derionstration of a jungle cycle for dengue will be of considerable

importance in helping to explain the appearance of epidem.ics, in establishing

effective surveillance methods for control activities, and in the clarification of

the dengue virus complex.

The recognized arboviruses presently known to occur in Malaysia, as dermon-

strated by recovery of virus in nature, include three members of serogroup A, 8

members of group B, one of the Bunyanwera group, two of the Ketapang group,

one closely related to Wad Medani virus, and one ungrouped virus (Table I). In

addition, several viruses have been recently isolated by us and by Sr.ith in Sarawak

frcr. man, other vertebrates, and arthropods. Some of these way represent new

viruses. Of the identified viruses, only Japanese encephalitis virus and the

dengue viruses are certainly known to produce overt disease in nan. However, there

is serological evidence indicating human infection with another five: Sindbis,

Getah, Bebaru, Ketapang, and Bakau. There has been no evidence of natural human

infection with Tembusu, Batai, Langat, and Wad Medani. Experimental hwur-an disease,

however, has been produced with Langat virus.

Many of the rore than 150 recognized arboviruses of the world are known only

by one or more isolations in nature and in sct.e cases by lin~ited serological

surveys. Except for Japanese encephalitis and dengue, this rzore or less applies

to the arboviruses of Malaysia. The .ajority have been isolated from arthi zpods

in jungle areas and/or in urban areas.
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We have had essentially no information on the cycles or distribution of these

viruses. It is likely that some or all of these are zoonoses and may be responsible

for some of the fevers comnonly diagnosed as PUO's (pyrexias of undetermined origin)

in Mklaysia. With changing conditions and relationships, they may be responsible

for epidemics in the future. There is a clear need for field studies of the

ecology of these viruses and the roles they may play in producing infection and/or

disease in man.

Facilities and Personnel

The Arbovirus Research Unit is a continuing project of the UC ICM4RT. There-

fore, two facilities are being operated concurrently: the base laboratory in

San Francisco (Hooper Foundation) and the field laboratory (from July 1965) in

Kuala Lumpur (University of Malaya Faculty of Medicine). This arrangement allows

the professional staff to alternate tours of duty without significant interruption

of the research program. The base laboratory, in addition, provides services,

such as preparation of antigens and antisera, for the field laboratory, thus

freeing the staff in Malaysia from time-consuming laboratory procedures that can

be done best in San Francisco at this time. The Malaysian laboratory is concerned

primarily with field studies, virus isolation, preliminary characterization of

virus isolates, serological screening, and diagnostic service; while the detailed

characterizatior of viruses and serology are performed in San Francisco.

In addition to the personnel listed below, auxiliary services are provided

by the general staffs of the Hooper Fo,,ndation in San Francisco and the Department

of Bacteriology of the University of Malaya Faculty of Medicine in Kuala Lumpur.
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Objectives

The specific objectives of the current program are:

1) Continuation of the current survey in Malaysia in an attempt to delineate an

area or areas of known dengue virus activity away from normal human activity.

2) Initiation of intensive ecological studies of urban and jungle areas of known

dengue virus activity in an attempt to demonstrate the vectors and vertebrates,

other than man and Aedes aegypti, involved in natural dengue cycles.

3) Studies of other arboviruses of Mlaysia with particular reference to the roles

they may play in producing infection and/or disease in man.
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7ield Program - General

In addition to Lhe' p.rnanont collecting rsations at Ulu Lui (dipterocarp

forest), Pacific Tin (fr•.h water peat swamp forest), and Telok Gong (mangrove

swamp forest), n1!Lernv.. collUcting trips have been made to a variety of habitats
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throughout mainland Malaysia (western Malaysia). These included most of the major

urban centers and towns, coastal fishing villages, remote primary forest areas,

miscellaneous mangrove swamp forests, agricultural and rural areas, forest

aborigine villages, high mountain forest, rubber, coconut, and oil palm planta-

tions, and a remote heronry in mangrove swam-p. In addition, Dr. Garcia conducted

a brief mosquito survey in Kuching, Sarawak in cooperation with Dr. C. E. Gordon

Smith of the Microbiological Research Establishment, Porton, England.

Special cooperative arrangements have been made recently to obtain specimens

in addition to our own collecting program. 1) Lord Medway, University .of Malaysia

ornithologist, is kindly providing filter paper bird blood samples from all birds

collected in the Migratory Animal Pathological Survey (MAPS) in Malaysia.

2) Cooperative monkey coliecting expeditions are being conducted with Dr. Morris

Goodman's group from the Department of Anatomy, Wa~ne State University School of

Medicine, Detroit. 3) Ticks are being obtained from a new tick-collecting program

organized at the Institute for Medical Research in cooperation with Dr. Harry

Hoogstraal of the U.S. Naval Medical Research Unit in Cairo.

Entomology

The entomological program was resumed in August 1965 with the arrival in

Kuala Lumpur of Dr. Garcia. Prior to his arrival, Mr. Jeffery received ten months

of intensive training in mosquxito identification in the Department of Entomology

of the Institute for Medical Research. He is now proficient in rapid and accurate

identification of Malayan mosquitoes and is able to provide expert assistance to

Dr. Garcia both in the laboratory and in the field.

From August 1965 through April 1967, mosquitoes have been collected from an

extensive range of habitats and localities throughout Western Malaysia. The
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majority of the fezale mosquitoes have been processed for virus isolation. Table

2 presents the total number of female mosquitoes collected and processed for virus

isolation from areas of differing ecology. The area types listed are mostly well-

defined ecologically with the exception of the rural and urban areas. These types

were included as such, however, for ease of reporting. In a final analysis, it

will be necessary to break down the rural and urban listings into several addi-

tional categories.

A variety of m thtnds has been employed for collection of live adult mosqui-

toes. While many methods have been tried, the following have been the most

productive.

1) Diurnal collectipn of resting mosquitoes in houses and other structures

by mouth- and battery-operated aspirators.

2) Diurnal and nocturnal human-biting collections.

3) Domestic animal-biting collections.

4) Malaise traps. These are particularly useful in evening collections at

domestic animal sheds. Traps are placed near the stalls to collect mosquitoes

approaching and leaving the area.

5) Use of the "D-vac" vacuum insect net with dry Ice. This method has proved

particularly useful in mangrove swamp forests. Dry ice is placed at various sites.

Periodically, each site is visited and mosquitoes found hovering near the dry ice

are collected with the "D-vac" net by suction.

6) Small modified Magorn-type bait traps with monkeys, chickens, or dry ice,

or a combination of animal and dry ice. This trap can be raised into the forest

canopy and is large enough to hold two monkeys.

7) Aspiration of mosquitoes resting in crab-holes.

The collected mosquitoes include the majority of species known to occur in

Malaysia. Use of new methods has provided very large collections of certain
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mosquitoes, such as Uranotaenia and Aedes (Cancraedes), that were previously

collected in relatively low numbers. The use of battery-operated aspirators has

significantly increased the efficiency of collection of resting mosquitoes and

mosquitoes in flight.

Collection of freshly-engorged blood samples from mosquitoes is continuing

and special efforts are being made to obtain samples from those mosquitoes whose

feeding habits are poorly known. These will be tested to determine host preferences.

Table 3 shows the mosquitoes collected and processed for virus isolation in

mangrove swamp forest. Cyale mosquitoez. and female mosquitoes not processed for

virus isolation are not included in this table or similar tables in this report].

The predominant species were Aedes (Cancraedes) spp., Uranotaenia lateralis, and

Aedes butleri followed by Aedes amesii, Culex (Lophoceraomyia) spp., Anopheles

baezai, and Aedes albopictus. The first two species listed were taken principally

from crab-holes. Comparison of this table with the several following tables of

mosquitoes will show a rather striking difference in predominant species and

species composition in the various areas of differing ecology.

Table 4 shows the mosquitoes collected and processed for virus isolation in

freshwater peat swam forest. Mansonia annulata was the predominant F-icies. A

further analysis would show a difference in species composition and numbers between

the fringe of the forest and the interior. Collections taken in the forest fringe

consist of a greater variety of species and lower numbers of specimens, while the

collections in the interior consist largely of Mansonia annulata. This difference

between the forest fringe and interior can be seen for all types of areas investi-

gated, but it is most striking in the f'reshwater peat swamp forest.

Table 5 shows the mosquitoes collected and processed for virus isolation in

rubber estates. Aedes albopictus was the predominant species. The collection of
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Culex pipiens quinguefasciatus (fatigans) represented house mosquitoes taken in

nearby dwellings. This species does not normally occur in the rubber. It is

interesting to note that in the rubber estates examined, no Aedes aegypti were

recovered.

Table 6 presents the mosquitoes collected and processed for virus isolation

in secondary forest and scrub areas. Aedes albopictus was the predominant species.

Table 7 presents the mosquitoes collected and processed for virus isolation

in rural and disturbed areas. Culex gelidud and Mansonia uniformis were the

predominant species taken. This category requires further breakdown for final

analysis since the localities included are not tc uniform as in other categcries.

Table 8 shows the mosquitoes collected and processed for virus isolation in

urban, town, village and adjacent areas of human activity. This category includes

a variety of habitats affected by man and his activities. Culex gelidus and Culex

tritaeniorh~nchus were taken in the greatest numbers. The list may be modified,

however, according to type of specific habitat as well as method of collection.

For example, collections taken in human dwellings in urban areas consisted largely

of Culex pipiens quinquefasciatus and Aedes aegypti. Daytime human biting

collections taken outside dwellings consisted principally of Aedes albopictus.

House collections in some coastal fishing villages included Culex sitiens as a

principal species. Many such examples could be listed.

Table 9 shows the mosquitoes collected and processed for virus isolation in

lowland dipterocarp forest. The predominant species taken were Armigeres

(Leicesteria) Spp. followed by Aedes albopictus and Culex pseudc-uishnui.

Table 10 shows the mosquitoes collected and processed for virus isolation in

Gunong Benom, a primary rain forest area in central Malaysia. Survey of this
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area was started recently and requires prolonged and difficult expeditions because

of the terrain and its isolation. It was chosen because of its isolation and

minimum human disturbance. Monkeys taken in this area have shown the presence of

dengue antibody. The predominant mosquitoes were species of Aedes (Finlaya).

In addition to mosquitoes, ticks have been taken in number from a variety of

domestic and wild animals for virus isolation attempts, These are presented in

Table 11.

Other biting arthropods have been collected as time permits. A collection of

tabanids now includes over twenty species. Table 12 shows the miscellaneous

arthropods collected and processed for virus isolation.

Miscellaneous studies in relation to efficiency of mosquito collecting methods

an" mosquito ecology are being performed.

The D-Vac insect sweep net has proved especially useful for collection of

mosquitoes in mangrove swamps. A comparative study with the D-vac net and dry

ice placed on the ground as an attractant versus human biting collections showed

striking increases in the number of specimens and number of species taken by D-Vac.

A comparative study of the use of small bait traps with monkeys, dry ice, and

a combination of the two showed an apparent synergistic effect in mosquito attrac-

tion when both were used together. The mosquitoes were attracted in significantly

greater numbers and there was also a significant increase in mosquito engorgement.

A study of mosquito populations in crab-holes in marnrove swamp has been

made. Great numbers of Uranotaenia lateralis and Aedes (Cancraedes) spp. adults

were taken from crab-holes by means of a battery-operated aspirator. Many of the

specimens were freshly engorged.

m |~
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A study of biting and ovipositing behaviour of Aedes albopictus in a rubber

estate (Effingham Estate) has been made. This will be compared with similar

studies on this species in a forest fringe habitat, where it is found in abundance

also. The study has shown that Aedes albopictus will bite man from dawn to dusk

with a peak in late morning. Observations indicate that the species primarily

feeds at ground level in contrast to the canopy.

Oviposition was studied by the use of artificial bamboo containers placed at

various elevations in the rubber trees. Some eggs were deposited as high as 25 ft.

but the majority were found in containers closest to ground level. The efficiency

of bait traps, baited with nonkeys and/or dry ice for capturing A. albopictus was

tested. A. albopictus will enter the bait traps, feed, and remain in the trap.

Bait trap studies in fresh-water swamp forest compared an empty trap with ones

baited with monkeys, -ry ice, and both monkey and dry ice. Four positional traps

were rotated each day for four days and resulted in the capture of over 19,000

mosquitoes, with the combination bait being most successful. Similar studies

were conducted at the forest fringe, where the number of mosqui.o species is

greater than inside the swamps.

A bait trap study comparing number of monkeys used as bait in attracting

mosquitoes showed an increase by monkey weight. It wes concluded that several

monkeys in a trap provide each monkey with a greater chance of infection by

mosquito bite than a solitary monkey (as used on some of our sentinel monkey

p'-t forms).

Vertebrate Collections

Blood and/or tissue samples have been collected from a great varie'y of

vertebrates in several areas of differing ecology throughout Western Malaysia.
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Dr. Peter Ward of the University of Singapore Departrient of Zoology kindly

provided us with bird bloods frcr Singapore and Dr. Jerry Theis (UC ICMRT)

provided us with dorestic aniral sera frov. Singapore. Dr. J. Strauss of the U.S.

Army Medical Research Unit supplied dor.estic animal serun specirens fror various

parts of Malaysia.

Table 13 lists "-e vertebrates collected in Malaysia and Singapore from.

August 1965 to April 1967 compared with those collected in the preliliinary survey

(1962-1964). It may be seen that bats and birds, which were not collected in

number during the preliminary survey, are now being taken.

Sentinel Animial Progrw.

Because of the high incidence of dengue-neutralizing antibodies demonstrated

in wild monkeys in the prelininary survey, a special effort has been made to

station sentinel monkeys in the forests to detect dengue activity. Young monkeys,

obtained fron a dealer, and shown to be free of arbovirus group A and B antibody

are being used. An elevatable platform of wire r.esh, with a shelter, self-feeding

container and water trough was designed for one or two nocikeys and has proved

satisfactory. The platfor.,s have been placed at various elevations frov near

ground level to the forest canopy. Stiall samples of blood have been taken twice

weekly from each sentinel monkey for virus isolation atter.:pts and once every four

weeks to check for serological conversion.

Of 204 monkeys that were tested, 34 were selected and used as sentincls over

the past 14 months. Scne deaths have occurred froz attacks by wild anir..als and

others fron undeterm.ined causes. Several of the sentinels, however, have survived

the full period. The sentinels were stationed routinely in rnangro,.e swarp forest,

fresh-water peat swam.p forest, and dipterocarp forest. On a periodic basis,

sentinels have been used in rmiscellaneous areas.



I

Page 16

Sentinel chickens have also been used to a lesser extent in various collecting

sites. These have been placed in the small modified Magoon-type bait trap.

None of the sentinel animals tested to date for HI antibodies to twelve

arboviruses in groups A, B, and Bunyamwera have converted. However, four agents

have been isolated from two monkeys stationed in dipterocarp forest, one agent

from a monkey stationed in mangrove swamp forest, and one agent from a chicken

at Gunong Benom. These are reported in a following section.

After the recent isolation and identification of Zika virus, the sentinel

monkeys were checked for Zika antibody and one monkey, negative to all other group

B agents tested, was found to have had Zika antibody throughout the period that it

was used.

Normal Human Serum Survey

It is difficult to obtain normal human sera in Malaysia, especially from

children, as opposed to sera from hospitalized patients. Nevertheless, an effort

to obtain normal human serura samples from various parts of Malaysia was initiated

during the past year in an attempt to assess the incidence and distribution of

arbovirus infection in the population.

Through the outstanding cooperation of health authorities, physicians, and

public health personnel, a series of over 1600 specimens was obtained through

April, 1967. Table 14 lists the locations of serum sarmples collected. In addition,

a series of normal human sera from residents of Djakarta, Indonesia have been

studied in cooperation with Dr. H. 1. Poey-Oey of the University of Indonesia

Faculty of Medicine.
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Diagnostic Service

A diagnostic service for arbovirus infections waz established in the

Kuala Lumpur laboratory in August, 1965. This was made possible through the kind

cooperation of the Virology Division of the Institute for Medical Research, which

was the only laboratory in the Federation providing this service. The Institute

now refers to us all specimens submitted to them for arbovi s studies. In addi-

tion close contact is maintained with physicians and hospit ls throughout Malaysia

by personal visits, telephone calls, correspondence, lectures, and distribution

of a newsletter describing our activities. In this manner, we believe the interest

of the local clinicians in arbovirus disease has been stimulated and maintained

and routine surveillance of arbovirus disease in the human population has been

made possible.

In addition, a close liaison has been established with the Veterinary Research

Institute in Ipoh and the same diagnostic service has been made available to them.

Acute and convalescent specimens have been received from many parts ofI

Malaysia including Sabah and Sarawak. Clinical diagnoses range from pyrexias of

undetermined origin to encephalitis and suspected hemorrhagic fever.

The number of specimens examined varied from about 25 to 75 per month.

Results showed that Japanese encephalitis infections occur sporadically throughout

the year. Occasional cases of dengue, some with minor hemorrhagic manifestations,

have been detected sporadically. No dengue epidemics occurred in Malaysia during

the past year even though epidemics were occurring in neighboring Thailand and

Singapore. Special efforts were made to survey the border areas for evidence of

epidemic activity with negative results.

w l I
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One febrile case from Johore Bahru, possibly due to infection with

chikungunya virus,was detected. Further tests will determine the validity of the

results. If this infection is confirmed, it will represent the first known case

of chikungunya in I.laysia.

One possible case of tembusu infection has been tentatively diagnosed.

Virus Isolation and Characterization

A total of 35 virus strains have been isolated in Malaysia during the current

study (to April 1967). This brings the number of virus isolates being investigated

in the San Francisco laboratory to 83. Table 15 lists the virus isolates, their

source and locality, and identifications where completed.

Mosquito Isolates

Aedes aegypti

Five agents (SM-l, SM-3, SM-II, SP1-12, and SM-14), previously isolated

from Singapore, have all been confirmed as strains of dengue type 2.

Two strains of dengue (X-1 and X-34), previously isolated in Bangkok

are still being held for final identification due to low priority in the laboratory

schedule. These strains are also being studied in Dr. W. McD. Hanmon's laboratory

at the University of Pittsburgh.

P6-740 from Bentong has been identified as a strain of Zika virus in

group B.

Zika virus was first isolated in 1947 from the blood of a sentinel

* monkey stationed in the Zika Forest of Uganda, East Africa. It was again isolated

the following yer.r from a pool of Aedes (Stegomyia) africanus collected from the
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sazie forest. Subsequently a number of strains of the virus were recovered from

A. (Steeo ia) africanus taken in and above the Uganda forest. One isolation has

been made from a human suffering from a mild illness, but this was considered the

result of a laboratory infection.

Although Zika virus has not previously been isolated from anywhere

except Uganda, human serological surveys have suggested its presence in other

parts of Africa, India, 1,4laya, Borneo, Thailand, North Vietnam and the Philippines.

The isolation of Zika virus reported here is, to our knowledge, the first

from Malaya and Southeast Asia and the first from a species other than A. africanus.

It was recovered from a pool of 29 A. aegypti collected in July 1966 from shop

houses in the town of Bentong in west-central Malaya. The isolation was made in

the Arbovirus Research Laboratory in Kuala Lumpur where known strains of Zika

virus have never been kept. Re-isolation from the original mosquito suspension

maintained at -60 0 C was successful when attempted four months later. Identifica-

tion of the isolate was made in our San Francisco laboratory and has been referred

to Dr. Jordi Casals at the Rockefeller arbovirus laboratory at Yale for confirma-

tion.

This is the only isolation of Zika virus obtained from the inoculation

into suckling mice of nearly 300 pools of 33,000 Aedes mosquitoes (including over

1200 A. aegypti and 4500 A. albopictus) collected from a variety of habitats in

Malaya during the past two years. Over 200,000 other mosquitoes of many species

have also been tested for virus isolation, but to date all have been negative for

Zika virus. A large collection of serum samples from humans, domestic animals,

monkeys and other vertebrates are now being tested to determine the prevalence of

Zika antibody in different vertebrate species in Malaya. Preliminary results

suggest the presence of Zika antibody in man and in wild monkeys. These
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preliminary serological results, along with the location of Bentong in the central

part of the country, suggests that Zika may be a zoonosis in Malaya with a jungle

cycle among primates and unknown forest mosquitoes. It suggests that Zika may

have a cycle similar to that proposed for dengue. Since Zika virus is much easier

to work with than the dengue viruses, it is possible that further information on

the distribution and ecology of Zika may be more readily obtainable and may

provide clues to the jungle vectors of dengue.

The addition of Zika virus to the several other closely-related group B

arboviruses in southeastern Asia will require re-evaluation of results of previous

serological surveys, and possibly diagnostic studies, made in the area.

Table 16 presents a summary of a cross comparison of P6-740 and other

closely-related group B viruses. Table 17 shows the results of neutralization

tests in mice comparing P6-740 with Zika, West Nile, dengue 1, dengue 4, yellow

fever (17-D), and Uganda S viruses.

Aedes albopictus

Strain SM-13, previously isolated in Singapore, has been re-confirmed as

a strain of dengue type 2. This strain was the first dengue virus isolated from

naturally-infected Aedes albopictus mosquitoes.

The isolation of E-24 virus from Kuala Lumpur is presently being reviewed.

Its validity could not be ascertained by re-isolation. By BI test, its hyper-

immune serum did not react with our complete range of arbovirus antigens (see

Table 18).

Aedes sp.

P6-1346 was recently isolated from a pool of unidentified P•des sp.

collected in Kota Bharu, Kelantan. Attempts to identify it have not yet been made.
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Culex fuscocephalus

P6-1368 from Tumpat, Kelantan is being processed for identification and

will be compared with P-581 previously isolated from the same species in the

Philippines.

Culex gelidus

The six isolates (P6-41o, P6-412, P6-462, P6-578, P6-1458, and P7-211)

from this vector species all behave similarly to Japanese encephalitis in mice.

Three strains, P6-41O, P6-462, and P6-578, have been tdeotified-as Japanese

encephalitis in a ccT-.pariscn with closely-related group B viruses.

Culex sinensis

E-145 virus isnlated in a forest area in Selangor has been identified

as a strain of Sindbis virus.

E-14O virus has not been identified yet due to difficulty in adapting

it, but resembles E-145 in its behavior in suckling mice.

Culex vishnui group

Four viruses (P6-553, P6-856, P6-1333, and P6-1462) have not been

identified yet, but resemble Japanese encephalitis virus in their behavior in mice.

Culex sp.

E-210 virus was isolated in fresh-water peat swamp forest from an

unidentified Culex species, which may be new to science. The virus has been

identified as a strain of Bakau in the Ketapang group. Its isolation has been

validated by successful re-isolation from the original mosquito suspension.

I
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Table 18 shows the results of cross-neutralization tests in mice with Bakau and

Ketapang viruses.

Mansonia uniformis

P5-350 from Puchong, an area of secondary forest, has not been identified

yet. Its hyperimmune serum failed to react in an HI test with our complete range

of arbovirus antigens. It has been successfully re-isolated.

Tick Isolates

Amblym testudinarium

P7-275 from Kelantan is a new isolation, which has not yet been processed

for attempted identification.

1Args puisilus

Two strains, PO-1361 and P6-1362, were isolated from separate pools of

the same collection taken from Scotophilus tex.incki bat roosts in Kcterah, Kclantan.

Stock suspensions and immune sera are being prepared for attempts to identify them.

Boophilus microplus

SM-214 strain was isolated from a pool of B. microplus ticks collected

from cattle in Singapore in 1961. Isolation was made by intracerebral inoculation

of and brain passage in suckling mice. The virus was successfully re-isolated

from the original tick suspension. P5-127 virus was isolated similarly from a

pool of B. microplus ticks collected froa cattle in Kepong, Malaysia in 1965.

Comparison of SI-1-214 with our complete range of arboviruses, prior to

obtaining Wad Medani and IG-673, (see Table 19) revealed no cross-relationships.
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Subsequently, Dr. Jordi Casals showed that it was very closely-related, if not

identical, to Wad Medani and IG-673 viruses by complement-fixation tests. Wad

lede.! virus was previously isolated from Rhipicephalus sanguineus ticks collected

from sheep in Egypt and IG-673 virus from Hyalomma ticks in India.

Subsequent cross-neutralization tests in suckling mice showed that

SM-214 And -iK-12 are strains of the same virus and differ from Wad Medani and

IG-673, which also showed differences from each other. Results of the neutraliza-

tion tests are shown in Table 20. These agents lose titer during incubation at

370 C, resulting in low neutralization indices. The tests were repeated several

times with and without incubation and resulted in figures comparable to those

presented in the table.

In conclusion, we feel that SM-214 may be considered a new arbovirus, to

be named Seletar for the district of Singapore where the ticks were collected.

P5-127 is a strain of Seletar. On the basis of our results, Seletar, Wad Medani,

and IG-673 viruses will form the new Wad Medani group of the arboviruses.

In 1965, SM-214 virus was inoculated into two calves, which were

subsequently observed for signs of illness at the Veterinary Research Institute in

Ipoh. No signs of illness occurred during the first several weeks when the animals

were under routine surveillance. Several months later, one of the calves died

with massive subcutaneous hemorrhages. At the time, it was assumed that there

was probably no relationship to the experimental inoculation.

In Singapore, imported poli.e dogs of considerable value have been

contracting a fatal, hemorrhagic disease since 1963. The problem has been

intensively investigated by British military authorities without success to date.

These dogs apparently become infested, not uncommonly, with Rhipicephalus

sanguineus ticks acquired locally. Over 75 dogs have died and the problem is
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considered a serious one.

Since Wad Medani virus was isolated from R. sanguineus ticks and because

of the hemorrhagic manifestation exhibited in the experimental calf, it was con-

ceivable that Seletar virus may be related to the hemorrhagic disease in dogs.

As a result, experimental infection of pups has Just been initiated. No result.

are yet available.

Haempbysalis semermis

P7-239 and P7-249 from Belera, Trengganu are recent isolates requiring

further work.

Haemaphysalis sp.

P5-123, isolated from a pool of Haemphysalis ticks taken from Rattus

rjah in Kuala Trengganu, has been identified as a strain of Lanjan virus.

Successful re-isolation was made from the original tick suspension. The newly-

named Lanjan virus, unrelated to other known arboviruses, is represented by two

strains, TP-94 and TP-123, previously isolated from Dermacentor ticks from rodents

taken at Bukit Lanjan, Selangor. Results of cross-neutralization tests comparing

E5-123 and TP-94 strains are shown in Table 21.

Vertebrate Isolates

Ten agents (P-iO6, P5-150, P-303, P-132, P-378, V-323, V-294, V-364, R-751,

F6-725) isolated from tissue or serum samples from miscellaneous vertebrates are

in various stages of processing in the laboratory. None has been identified and

it is likely that none of these are arboviruses.

Five agents (N-316, P-73, P-223, P-225, and SF-37) isolated from tissues of

Rattus jalorensis appear to be strains of the same virus.
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No similar virus has been isolated from the many other rodent species tested

in the same manner. It is probably not an arbovirus since it is reristant to

treatment with ether and sodium desoxycholate. SF-37 is not heat-stable,.butMg++

increases its heat stability at 500C. It is not stable at pH 3.0. It produces a

flaccid paralysis and occasional death in rats, it kills infant and adult mice by

the intracerebral and intraperitoneaJ routes, and it is negative in rabbits by the

intracerebral, intraperitonel, subcutaneous, and corneal routes. It produces hind

leg paralysis and death in guinea pigs and hamsters. Cell destruction is complete

in 2 days in hamster kidney cell cultures. By electron microphotogra;hy, it

appears to be an intranuclear agent about 25 mu in size. A sucrose-acetone

extracted antigen does not agglutinate a variety of mammalian and avian red blood

cells, but it has a low titer in complement-fixation. Infected mouse brain was

negative for rabies inclusion bodies by the fluorescent-antibody technique.

Further work is in progress, but it seems likely that these agents may belong to

the PICODNA group of viruses.

One agent (R-340) isolated from the serum of a Rattus norvegicus, collected

in Penang, was identified as a strain of dengue type 2. Since no antibody for

dengue could be demonstrated in several R. norvegicus sera tested, the question

of the validity of this isolation was raised and is being investigated.

P5-293 was isolated from the brain of a horse with encephalitis in Ipoh by

the Veterinary Research Institute and referred to us. It has been identified as

a strain of Japanese encephalitis. Table 22 shows the results of a neutralization

test with P5-293 virus.

Sentinel Animal Isolates

One agent isolated from the blood of a sentinel chicken (P7-284) in primary

-rain forest (Gunong Benom) has Just been received in the San Francisco laboratory.
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Two agents have been isolated from the blood of each of two sentinel monkeys

stationed for longer than one year in dipterocarp forest.

one agent (P7-174) has been isolated from the blood of a sentinel monkey

stationed in mangrove swamp forest.

None of the above viruses has been identified yet, but sera, taken subsequent

to isolatiorn from these animals, have not shown development of HI antibody to any

of the arboviruses that we use in our routine tests.

Human isolates

Sixteen viruses previously isolated from the sera of patients in Penang,

Kiala Lumpur, and Petaling Jaya have all been confirmed as strains of dengue type

2.

A member of the staff of the U.C. Medical Center was referred to us when she

returned from Colorado with a history of tick-bite followed by development of

fever. A-342 virus was isolated from an acute blood specimen and was readily

identified as a strain of Colorado Tick Fever. The patient was referred to

Dr. Emmons of the California State Virus Laboratory, who subsequently also isolated

the virus from washed blood cells of a fourth blood specimen taken over 30 days

after onset of the disease.

Two agents (ChIn I and Chin iI) were isolated from the throat swab of a case

of herpangina in an American-Chinese child in Mlaya and from a throat swab of the

mother, who was febrile at the same time, Isolations were made in Malaya and

tentatively identified as Coxsackie A strains. Pathology in suckling mice was

typical of Coxsackie A infection. The viruses were subsequently referred to the

California State Virus Laboratory and identified as strains of Coxsackie A-8.
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R-876 virus was isolated by blind passage in suckling mice from an acute-

phase serum of a case of febrile fits in Penang. The virus is desoxycholate

sensitive, but re-isolation from the orifInal material was unsuccess•il. Compari-

son with a wide range of arboviruses has revealed no relationships. The isolate

may not be valid and is being compared with known mouse viruses and other unknown

virus isolates.

Two agents (P5-312 and P6-525) from the acute-phase sera of dengue cases in

Johore Bahru and Petaling Jays have been identified as strains of dengue, but have

not been typed yet.

Three ad..it-.onal agents (P6-1358, P6-1359, and P6-_157) were isolated recently

from febrile patients, the latter one from an aborigine at the Gombak Aborigine

Hospital.

Philippine He orrlAgic Fever Epidemic of 1966

Dr. Venzon arrived in San Francisco in January 1967 as an International

Postdoctoral Fellow of the National Institutes:of Health fmr one year. S)'e had

begun collecting serum specimens in Manila early in 1966 from patients 'A _h

undifferentiated fevers for her proposed work in San Francisco. Soon after her

collections were initiated, hemorrhagic fever appeared. As a result, the majority

of her material care from cases diagnosed clinically as hetmorrhagic fever. Her

work is briefly suimmarized belcw.

During 1966, an epidemic of mosquito-borne hemorrhagic fever occurred in the

city of Manila and neighboring areas. Over 5000 cases were admitted to San Lazaro

Hospital, the principal infectious diseases hospital. This study is based on 399

cases representing approximately 7% of those admitted to San Lazaro Hospital and

others from Philippine General Hospital and the Manila Sanitarium.
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79% of the cases studied were hemorrhagic fever of varying degrees of

severity while 21% were undifferentiated fever syndromes clinically. Age

distribution was from one year to 51 years with 60% in the 5-14 year age bracket.

Specimens consisted of 166 serum pairs (acute and convalescent) and 233 single

acute or convalescent s:%ra. Of these, 227 were collected early, within 4 days of

onset of illness. These, with 13 5th day specimens with suggestive serology, were

:.noculated in suckling mice for attempted virus isolation. To date, surviving

mice from 56 of 212 attempts, subsequently challenged with a lethal dose of dengue

virus, have shown significant resistance suggesting the presence of dengue virus.

In addition to these 56 probable dengue isolates, six agents have been demonstrated

on the basis of development of illness and death in the mice. This represents a

virus recovery rate of approximately 29% so far.

All sera have been tested for the presence of hemagglutination-inhibiting

antibodies to the following viruses: Dengue 1, 2, 3, 4, Japanese encephalitis,

tembusu, Zika, Langat, Sindbis, getah, chikungunya, and bunyamwera. 581, of the

paired specimens showed a 4- fold or greater rise in titer for the group B viruses,

mostly with highest titers for one or more dengues. Presumptive positive diagnoses

(•l/1280 serum titer but no demonstrable rise) of group B infection (principally

dengue) were made for 24% of the late single and paired sera. A serological

dJagnosis could not be made for those cases with single specimens taken earlier

than the fourth day of disease.

One case demonstrated a striking rise in an-body titer (1/5120 to >)/600,000)

for Zika viru•s, recently isolated in Malaysia. Antibodies were found in one case

for getah and in 8 cases for chikungunya, but these probably were not related to

the current illnesses. No sera were positive for Sindbis or bunyamwera antibodies.

Approxilrately 11% of the sera were completely negative for all the antigens tested.
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Further we-' will include completion of virus isolations, identification of

isolates, and further serological testing by complement-fixation and neutralization

procedures.

In summary, the 1966 Manila hemorrhagic fever epidemic was principally

associated with one or more types of dengue virus. Preliminary serological

results suggest that the principal dengue types involved were 4 and 2, but the

final conclusion will depend on the identification of the isolated virus strains.

Serology

Animals

In the preliminary survey (1962-1964), it was found that dengue antibody

occurred commonly in wild monkeys (621) and was not significant in any other

animals tested. Japanese encephalitis (JE) antibodies were common in domestic

animals (pigs, cattle, horses, and goats) and also occurred in a few wild monkeys,

one bai icoot, and a wild boar. Tembusu antibody appeared to be cross-reacting

JE in most cases. Only a few animals showed the presence of group A antibody:

Sindbis in a few ducks, Rattus bowersi, and one Presbytis melalophos monkey (the

positive monkey was from the same area in which Sindbis virus, E-145 strain, was

isolated from Culex sinensis mosquitoes); chikungunya-related antibody in monkeys,

pigs, and cattle. Batai antibody was demonstrated in cattle, goats, a few monkeys,

and one chicken.

In the current survey, llO1 sera of 1476 collected have been tested by HI.

Broad group B antibodies were found in most domestic animals (pigs, horses,

carabaos, dogs, chickens, and cattle), as well as in talking mynas and low-titered

antibody in several species of bats. The positive bats included Cynopterus

brachyotus, C. horsfieldi, Eonycteris spelaea, Hipposideros diadena, and
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Tadarida plicata. Only a few of each species was positive except E. spelaea of

which 11/47 had low-titered antibody.

Dengue antibody was ccr.on, as before, in all species of wild monkeys. It

was also demonstrated in 3/49 Tadarida plicata bats in low titer and in one dog.

Zika antibody was seen in several wild ronkeys, but its incidence appears to

be lower than for dengue.

JE antibody was ccrz.xon in pigs, horses, cattle, and carabaos and was also

seen in dogs and one Rattus rajah.

Tembusu antibody was derionstrated in cattle, pigs, dogs and in sore birds

(talking myna and the white-headed munia).

hLfngat antibody with little or no cross-reaction was observed in low titer

in 3/119 yellow-vented bulbuls (Pycnonotus goiavier).

Bunyamwera antibody was seen only in cattle.

Sindbis antibody was found in cattle, carabao and the talking r.yna.

Getah antibody was corrion in domestic pigs (33/113) with relatively high

titers. It was also deronstrated in some cattle, carabao, yellow-vented bulbuls,

and in 7/34 Presbytis obscurus monkeys.

Chikungunya antibody was found in pigs, cattle, chickens, Presbytis cbscurus

monkeys, and two bats (C. horsf-eldi and E. spelaea). It was rost coaron in pigs,

but usually low-titered and probably representing cross-reacting Getah in rost

cases.



Page 31

Normal Humans

Of the 1725 noriral human sera listed, 931 have been tested by HI. As expected,

the incidence of group B antibodies was high and widespread in all areas sampled.

The majority of the group B antibody appears to be dengue with a lower incidence

of JE.

In the general population, exclusive of the aborigine peoples, there was

evidence of low activity of Sindbis, bunyanwera (batai), getah, and umbre viruses:

Sindbis - 1/87 in Bentong; Umbre - 2/81 in Kampong Kuala Pahang; and getah - 33 of

the total tested. The getah antibody, however, was usually very low-titered and

was probably not specific.

Although no illness ascribed to chikungunya virus has yet been conclusively

demonstrated in Malaysia, the incidence of chikungunya antibody, often in

relatively high titer, was not uncormon: 11/87 in Bentong, 14/81 in Kampong Kuala

Pahang, 12/66 in Kuala Lurpur, 2/60 in Malacca, 13/64 in Mentakab, 13/151 in Penang,

10/43 in Segamat, and 13/72 in Seremban. Most of the chikungunya antibody was

found in persons over 30 years of age with exceptions. However, the young age

groups are not as well-represented in our collection as the older groups. In

Kampong Kuala Pahan-! antibody was found in a 9-year-old. These factors, together

with the relatively high titers deronstrated, suggest that chikungunya infection

may be occurring currently in the human population.

A series of 224 sera taker frcr. forest-living aborigines in 1965 and 1966 were

tested by HI only. All except eleven (fror children under 10 years of age) were

positive for broad group B activity. There was rinimal group A activity. The over-

all pattern suggested that one or more of the dengue viruses was responsible for

the majority of the group B antibody. In comparison with 151 sera taken in Penang

City, where dengue is recognized, there appeared to be serological evidence of

more dengue infection in the forest aborigines. Bunyamwera antibody was found in

, , , n , n n I I I I.* . I



Page 32

2/33 sera from Ulu Aring. Sindbis antibody was found in 10 sera; getah in 9 sera,

and chikungunya in 13 sera. Marituba (group C) antigen was also included in tests

of the aborigines' sera and was completely negative.

Indonesian sera:

A group of 76 sera frcr. Indonesians, resident in Djakarta, showed a high

incidence of group B arbovirus infection. It appeared likely that nost of the

group B positives resulted frco.. dengue infection and fewer from Japanese

encephalitis infection. There was also a significant incidence of chikungunya

antibody indicating the existence of group A infection.

Surrary

The program objectives are to determine the roles that arboviruses play in

producing infection and/or disease in man, with special reference to their ecology

and the clarification of the non-urban cycles of dengue. The survey to date has

investigated a great variety of areas of differing ecology throughout Malaysia.

Improved and intensified methods of collection have allowed sarmpling of great

numbers of rosquitoes for virus isolation. Predominant species, species composi-

tion and habits of mosquitoes in various areas have been elucidated. Extensive

collection of animals and hutran sera has provided information on the incidence n.•d

distribrtion of arbovirus infection in man and anirials, while the diagnostic

service has provided routine surveillance of arbovirus disease.

Additional serological evidence strongly supporting a jungle cycle for dengue

has been obtained in wild ronkeys and forest-dwelling aborigines, while nL evidence

has been found to demonstrate significant involvement of any other animals. Bats

show evidence of group B infection, but this is probably not due to dengue virus.

The discovery of Zika virus, previously known in Africa only, in Aedes ae_

and serological evidence of Zika infection in man and wild ronkeys is significant.
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A new arbovirus, Seletar, is described and a large number of unidentified

virus isolates from mosquitoes, ticks, and sentinel animals are being investigated.

A serological survey of residents of Djakarta, Indonesia, the first to be

done, revealed the occurrence of dengue and Japanese encephalitis and possibly

chikungunya infection.

A study of the ?Mnila hemorrhagic fever epidemic of 1966 has resulted in

the isolation of numerous strains cf dengue and has revealed the probable

presence of Zika virus infection.

It is anticipated that the projected intensive-phase studies of dengue

ecology will be initiated shortly in rural and jungle sites.

q
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Table 2 - Total Mosquitoes Collected and Processed for

Virus Isolation from Areas

of Differing Ecology (August 1965 - April 1967)

Area Type Number of Females

Mangrove Swamp Forest 41,536

Freshwater Peat Swamp Forest 67,830

Rubber Estates 3,198

Secondary Forest and Scrub 41o

Rural disturbed areas 6,672

Urban, Town and adjacent areas of human activity 86,170

Lowland Dipterocarp Forest 4,355

Primary undisturbed Rain Forest 1,472

Total 211,643
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Table 3 - Mosquitoes Collected and Processed for Virus Isolation

in

Mabngrove Swamp Forest

(August 1965 .~April 1967)

Species Number of Females

Aedes (Cancraedes) spp. 19,582

Uranotaenia SPP. 1  14,374

Aedes (Aedes) sp. 5,029

Aedes,(Skusea) spp.3  976

Culex (Loophoceraomyia) spp.4  481

Anopheles (Anopheles) spp.5  371

Aedes (Stegomyia) albopictus 296

Aedes (Rhinoskuses) spp. 159

Armigeres (Armigpres) n'u~ltoni 138

Aerles (Mucidus) auirantius 30

Culex (Culex) spp.6  59

Armigeres (Arriigeres) malayi 11

Armigeres (Arinigeres) durharni 10

Aedes indonesiae 9

Mabnsonia (mansonioides) borineajedives 7

Aedes (Stegomyia) w-albus 3

Aedes masculinus 1

Total 41,536

1 Principally lateralis.
2 Principally butleri and fewer luguabris.
3 Princ 'pally amesii and fewer fumimdus.
4 Includes citnctellus.
5 Principally baezai, with some umbrosus group.
6 Principally sitiena with some annulus.
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Table 4 - ?.squitoes Collected and Processed for Virus Isolation
in

Freshwater Ntat-Swam~p Forest
(August 1965 - April 1967)

Species Number of Femnales

?.Wnsonia (Manrsonloides) annulata 56,931

Ccoquillettidia hodgkini 3,739

W.nsonia (Mansonioides) bonneae/dives 2,417

Anopheles (Anopheles) unbrosus group 2,162

Culex (Culex) pseudovishnui 732

Heizmannia spp. 725

Armigeres sp. 'banting' 279,

Coquillettidia nigrosignata 247

CuJlex (L1ophoceraotnyia) spp. 121

Aedes (Finlays) poicilius 96

Anopheles spp. 83

Arm~igeres (Armigeres) sp. no. 1 59

Coquillettidia crassipes 51

Armigeres (Armigeres) ralayi 34

Mansonia (1,%nsonioides) unifornis 29

Culex sp. 'near nili~ricus 23

Culex (Culex) gclid-us 21

Aedes (,Stego.nyla) albcpictus 19

Aedes (.Paraedes) csterntatio 9

Arr-igeres (Armiweres) subalbatils 5

Aedes (Finlaya) flaV4ý:errn:z 2

14iscellaneous 46

Total 67,830
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Table 5 - Mosquitoes Collected and Processed for Virus Isolation

in

Rubber Estates

(August 1965 - April 1967)

Species Number of Females

Aedes (Stegonayia) albopictus 2,672

Aedes spp. 94

Aedes (Stegomyia) w-albus 26

Armigeres (Armigeres) subalbatus 22

Culex (Culex) pipiens quinguefasciatus* 384

Total 3,198

* In adjacent dwellings.

I
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Table 6 -Mosquitoes Collected and Processed for Virus Isolation

in

Secondary Forest and Scrub

(August 1965 -April 1967)

Species Number of Females

Aedes (Stegomyia) albopictus 356

1.ansonia (1Ilansonioides) dives 20

Aedes sp. no. 1 8

Aedes (Stegomyia) w-albus 5

Aedes (Aedes) spp. 5

Armigeres (Armigeres) subalbatus 4

Armigeres (Armigeres) spp. 3

Aedes (Stegomyia) albolineatus 2

Armigeres (Leicesteria) flavus 2

?.anson~ia (?vansonioides) uniformis 2

Heizmannia spp. 2

Aedes sp. 1

Total41
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Table 7 - Wsquitoes Collected and Processed for Virus Isolation

< 
in

Rural and Disturbed Areas Including an

Aborigine Village (August 1965 - April 1967)

Species 
Number of Females Viruses

Culex (Culex) gelidus 
3,429

itnsonia (1/ansonioides) unifor-is 1,949 1 (P5-350)
Anpheles (AnopheJles) spp.* 314

Culex (Culex) vishnui group** 272
Aedes (Aedimcrphus) vexansAa _... ---- 

247
Aedes (Banksinella) lineatoperis 

178
Culex (Culex) 

8uscocephalu5
Culex (Culex) annulus 

76
Culex (Culex) plpiens n ua siaatus 

47
Aedes (Stegom ia) albpictus 

43
tf; nsonia (Q2nsonioides) bonneae/dives 

19
Aedes (firilaya) E~iajL27

--%~ns(nia Qansonioides) annulifera 1 6

Total 6,672

* Principally hyrcanus, _.brosus, and barbirostris groups in order.
** Principally tritaeniorhynchus.
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Table 8 - Mosquitoes Collected and Processed for Virus Isolation
* in

Urban, Town, Village and Adjacent Areas
of Human Activity (August 1965 - April 1967)

Species Number of Females Viruses

Culex (Culex) gelidus 35,"0 6

MuTex (-duhi) výIshnui group1  22,1405 14

CuIex (-cule) -vipiens quinquefasciatus 8,298

?.hns-onia (tf/nsonioides) uniformis 7,958

Cu~lex kCulex) fuscocephalus 3,8261

Tnioh,-ieli~spp.2 3,628

Aedskt~egomyia) aegrpt! 1,14581
Wede-i (S§tegomyia) albopictus 1,257

Ae (Ba sfie li neatoUpennfis 3140

Cule~x (Culex) si-tienýs 151
Ae'des (We-te-s) butleri 150

YansoniTTiTanionioides) bonneae/dives 133

Arrmigeres (Armigeres) du~rhaini sub-alb-atus 126

gn-sonia (1~ansonioidesT annulifera 120

* des "spp. 1561

Cue (Culiciomvia) nig-ropunctatus 58
Aedes (Aedimorphus) vexans /-aecus 53

Culex (Culex) bitaeniorhvnchus 140

Aedes sp. no. 1 39
CuJlex (Culex) sinensis 30

Culex (Culex) spp.3-- 26
Culemx (Lut-zia) f-uscanus 13

Copuillettidia crassipes 11

Coauillettidia hodwkdi 11

Coauillettidia ochracea 11

Aedes (Skusea)sp 9
Aedes L~~ a) w-albus 14

Ae(d rade ostentai 14

Aedes indonesiae 3
Culex sp. 1

Total 86,170 13

1 Principally tritaeniorhv-rchus.

2 Includes hyrcanus group, seraratus, and barbirostris group in subgenus ADpSA

and kochi, philippinensis, yawa, subpictus, and kaw-wari in subgenus _Lellia.

3 Includes annulus.
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Table 9 - Mosquitoes Collected and Processed for Viruis Isolation

Lowland Dipterocarp, Forest
(August 1965 -April 1967)

Species Number of Females

Armigeres (Leicesteria) spp. 3,1400

Aedes (Steg cmy ia) spp. 430

Culex (Culex) pseudovishnui 4ol

Heizmannia spp. 68

Aedes (Finlaya) spp. 38

Mansonia (Mansonioides) dives 8

Culex (1-o-ohoceraomyia) spp. 14

Ariee (Armigees) subalbatus 3

Coquillettidia crassipes 2

Anopheles (Anopheles) noniae 1

Total 14,355

Order of Predominance of Species of:

Leicesteria Steszomyia Finlaya Heizmannia

annulitarsis albopictus &lbotaeni~atus macdonaldi
dolichocephalus desnmotes niveus predom~inant
dentatus pseudalbopictus saxicola
01fl2SSUS

digitatus
flavus
pectina tus
bait eatus
traubi

~7,,ugraens is
inchoatus
magrius
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Table 10 - Mbsquitoes Collecte- and Processed for Virus Isolation

in

Primary Undisturbed Rain Forest

(Gunong Benom - April 1967)

Species Number of Females

Aedes (Finlaya) epp. 1,155

CuIex (Culex) pseudovishnui 179

Culex (Culex) spp. 136

Armigeres (Armigeres) spp. 2

Total 1,4+72
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Table 11 - Ticks Collected and Processed for Virus Isolation

(August 1965 - April 1967)

Species Number Viruses Isolated

Ixodidae

Ixodes granulatus 88

spp. 7
Ixodid larvae 150

Haemaphysalis bispinosa 128

koningsbergeri 19

papuana 97

semermis lO4 2

spp. 192 1

Dermacentor auratus "A" 161

auratus "B" 73

auratus , ,, 2

spp. 111

Rhipicephalus sanguineus 94

Boo hilus mi croplus 469 1

Amblyomma acoqydr.e 3

testudinarium 7 1

spp. 4
Argasidae

Argas spp. 511 2

Total ?,220 7
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Table 12 - Miscellaneous Arthrwopods Collected and

Processed for Virus Isolation

(August 1965 - April 1967)

Puiodes app. 2,408

Culicides type "A"'6

Tbnssp. no. 1 44
Tabanus effilatus 

25

Chrysosom spp. 69
Basilia hispida (new species) 6

Total 2,614
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Table 13 -Vertebrates CcLected in Malaysia and Singapore
(1962 - 1967)

17uzber
S~pecies Cornon Nane (1962UiV=4 1l -7)

Armphibia
Rana tigrina Frog1

Reptilia
Geoer~yda spinosa Turtle1

NjhhnahCobra1
Snake 1?
Gekko monarchus Gecko1
Hernidactylus brooki 15

frenatus 70
garnoti 11
plat~yurus 77

Gehyra niutilata 8
Varanus salvator Monitor lizard 3 1

Ave s
Ardeidae

DNycticorax nycticorax Black-crowned night heron 4
Scolopacidae
Nunenius phaeopis variegatus Whit-brel 3.

Colurmbidae
GeonDelia striata Zebra dove 2
Streplo~pelia chinensis Spotted-necked dove 1

sp. Turtle dove 1
Treron vernans Green pigeon 1

Psittacidae
Loriculus galgulus Hanging parakeet 1

Parakeet 2
Cucul idae

Phaenicophaeus curvirostris Chestnut-breasted r~Alcoha 1
Strigi dae

Otus bakkaroena Collared scops owl 2
Caprimulgi dae

Caprirnulgus macrurus Long-tailed night jar 3
Trogonidae
Harpactes duvauceli Red-ruriped trogon 1

erythrocephailus Red-headed trogon 1
Alcedinidae

Cey rufidorsus IRed-backed kingfisher 2
Halcyon concreta Chestnut-collared kingfisher 1

corer anda fluddy kingfisher I

Piide pileata Black-capped kingfisher 3
Micropternus brachyurus Rufous woodpecker 2
Pichus -,p. Green woodpecker 3

Eury~iair. idae
Calyptomena viridis Green broadbill 1

Dicruridiic
Dicrurus rerifer Large racket-tailed drcngo 4

Corvi dae
Crow 7
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Table 13 - Vertebrates Collected in Malaysia and Singapore (continued)

Species Common Name 1962-4 1965-7

Timallidae
Alcipoe castaneiceps Chestnut-headnd nun babbler 5

nipalensis Mountain nun babbler 1
Porocephala Mlay nun babbler 1

Malacopteron cinereum Lesser red-headed babbler 1
magnarostre Brown-headed babbler 6

Napothera brevicaudata Streaked Tren babbler 3
Pomatorhinus tkpoleucos Large scimitar babbler 1
Stachyris chrysea Golden tree babbler 1

leucotis White-eared tree babbler .2
maculata Red-rumped tree babbler 1
nigriceps Gray-throated tree babbler 1

Trichastoxrh malaccense Short-tailed babbler 1
Pycnonotidae

Criniger bres Scrub bulbul 2
ochraceus Brown white-throated bulbul 5
phaeocephalus Crestless white-throated bulbul 1

H•psipetes criniger Hairy-backed bulbul 2
erythrocephalus Mountain streaked bulbul 3

PTcnonotus brunneus Red-eyed brown bulbul 6
erythropthalmos Lesser brown bulbul 1
goiavier Yellow-vented bulbul 120
plumosus Olive-brown bulbul 14
simplex White-eyed brown bulbul
sp. Crested bulbul 1

Aegithinidae
Chloropsis cyanopogon Lesser green leafbird 1

Turdidae
Copsychus Pyrropygus Orange-tailed shan'a 1

saular.s Magpie robin 2
Enicurus ruficapillus Chestnut-naped forktail 1

Sylviidae
Acrocephalus arundinaceus Great reed warbler 2
Orthotomas cucullatus Mountain tailor bird 1

Muscicapidae
Culicicapa ceylonensis Gray-headed flycatcher 1
Muscicava randis Niltava 2

hyperythra Thicket flycatcher 1
solitaris White-gorgeted flycatcher 2

Rhi;idura alticollis White-throated fantail 3
Motacillidae

Anthus novaeseelandiae Richard's pipit 10
Sturnidae

Gracula reliaicsa Talking myra 4
Sturnus tristis Common myna 2

Nectariniidr.e
Arachnothera affinis Gray-breasted spider hunter 1

r.;..r.ctriS Little spider hunter 1
mauzia Streaked spider hunter 1

Dicae idae
Prionochilus rAculatus Yellow-throated flower-pecker 1
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Table 13 - Vertebrates Collected in Malaysia and Singapore (Continued)

- s ecies -Opmon NwaeI, -4 1965,,-7

Ploceidae
Lonchura m White-headed munia 1I

punctulata Spotted munia IPasser montanus Tree sparrow 10 1
Ploceus philippinensis

infortunatus Bays weaver 1

Mammalia

Insectivora
Echinosorex Aynnurus Moon rat is 3
Hylomvs suillus Pig-tailed shrew 3
Suncus murinus House shrew 120 30

Dermoptera
Ciocephalus variegatus Flying lemur 1 1

Chiroptera
Pturopodidae

Balionycteris maculata Spotted-winged fruit bat IChironax melanoceyhalus Black-capped fruit bat 2
Cnterus brachyotis Common short-ncsed fruit bat 2 55

horsfieldl Larger short-nosed fruit bat 15
aEonyteris spelaea Cave fruit bat 2 47Macroplossus lagochi us Common long-tongued bat I

Pteroous hvommelanus Lesser flying fox 5
Emballonuridae

Taphozous melanopogon Black-bearded tomb bat 8
£Rhinolophidae

Hippos deros di adema Diadem horseshoe bat ii
Raleritus Common roundleaf' horseshoe bat 3Rhinolophus affinis Brown horseshoe bat 8

hil~i~iinensis Ireulgens Glossy horseshoe bat 8
s theno Lesser brown hortreahoe bat 28spp. 18

Molossidae
Tadarida plicata Free-tailed bat 29

Vespertilionidae
Enosicus verecundu4 False serotine bat 1Scotonhilus temminckii House bat 32
_Tyinvcteris robustula Bamboo bat 5

Priimntes
Tupaia glis Comrmon tree shrew 104 17

minor Lesser tree shrew 8Yacaca irus Long-tailed macaque 165 12
nemSst rina Pig-tailed macaque 2 3*;rticebus coucang Slow loris 1Presbytis cristatus Silvered leaf-monkey 73
z k Banded lea f-monkey 4 2obscurus Dusky leaf-monkey 34Pho Iidoaa

Manis Lýanica Scaly anteater I

Pig
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Table 13 - Vertebrates Collected in Mal:rysia and Singapore (continued)

8vecies Croon Name 1962-4 1965-7

Rodentia
Sci'tridae

Callosciurus caniqeps Gray-bellied squirrel 7
hiryuru Horse-tailed squirrel 1
nigrovittatus Black-banded squirrel 19 5
notatus Common red-bellied squirrel 163 23
prevosti White-striped squirrel 3 1S$hors eeldj Red.tailed flying squirrel 3

IAriscu. s insignii Striped ground squirrel 1 6Petaurista elegans Spotted giant flying squirrel 1
petaurista Red giant flying squirrel IRatufa bicolor Black giant squirrel 1Rhinosciurus laticaudatus Shrew-faced ground squirrel 9 3

Sundasciurus lowii Short-tailed little squirrel 1
tenuis Slender little squirrel 5 1Muridae

Bandicota indica Greater bandicoot 1
Chjpo.Q. &liroides Bamboo tree mouse 5
M.s museulus House mouse 22
Rattus annandalei Singapore rat 48 18

arientiventer Ricefield rat 32 6
bower,;i Gray gianL rat 58 3
canus Gray tree rat 8
cremoriventer Dark-tailed tree rat 21 8
edwardsi Mountain giant rat 5exulans Little house rat 44 4
Aalorensis Malavsian wood rat 206 35
muelleri Swamp giant rat 108 3
norveiicus Norway rat 51 10
rajah Rajah spiny rat 53 27
rattus diardi Malaysian house rat 247 102
rattus roa 65
sabanus Long-tailed giant rat 108 43
surifer Red spiny rat 91 1
whiteheadi Little spiny rat 92 5

Artiodactyla
Sun scrcfa Wild boar 1

Domestic Animals
Carabaos 38
Cats 4
Cattle '3 464Chickens i0 334
Dogs 10 28
Ducks 10 97
Geese 2
Goats 10 217
Horses 18 11
Pigs 50 250
Sheep 30

Totals 2,321 .,476
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Table 4 - Normal Human Sera Collected
(to April 1967)

State Locality Number of Sera

Johore Seganat 43
Kedah Alor Star 78

Gurun 2
Funia Ketil 2
Sungei Lallang 1
Sungci Patani 116

Kelantan Kota Bharu 26
Ulu Aring (aborigines) 33

Malacca Malacca 60
Negri Sembilan Scremban 72
Pahang Bentong 87

Kampong Koi (aborigines) 9
Kampong Kuala Pahang 80
Kuala Lipis 20
Kuantan 113
?4 entakab 64
Raub 7
Sungei Lembing 72

Penang Georgetown 151
Perak Batu Gajah 53

Ipoh 67
Kampar 1
Kampong Ayer Denak (aborigines) 56
Kampong Timah Taijong 7
Kampong Tunku Hussein I
Silibin 2
Ulu Gru-ntong (ab1rrgines) .5
MisceiLaneous kabor±ý.nes) 1.,

Pcrlis Jejani I
Kangar 5

£clangor Bukit %anchang (aborigines) 77
Kuala Lumpur 177
Semenyat 1
Ulu Gombak (aborigines)* 44

Trengganu Kuala Barang 11
Kuala Trengganu 26

Total 1,649

Indonesia DjDL-...:ta 76

Total 1,725

* Temporary residence - originate in various parts of Malaysia.
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Table 15 - Vir•s Isol,.es Under Study*
(to April 1967)

r Locality Identification

Mosquitoes
ed a j SM-I Singapore Dengue 2

SM-3 Singapore Dengue 2
SrJLI Singapore Dengue 2
SM-12 Singapore Dengue 2
SMI-1 4  Singapore Dengue 2
X-2 Bangkok Dengue
X-34 Bangkok Dengue
P6-74o Bentong, Pahang Zika

Aeries albopictus E-24 Kuala Lumpur, Selangor - -
SM.18 Singapore Dengue 2

Aid= sp. P6-134 6 Kota Bharu, Kelantan ----
2ulex fuu P6-1 3 68 Tumpat, Kelantan
Sgelidus P6-41o Johore Bahru, Johore Japanese

encephalitis
P6-412 Johore Bahru, Johore
P6-462 Seremban, Negri Sembilan Japanese

encephalitin
P6- 5 7 8 Malacca Japanese

encephalitis
P6-1458 Kuantan, Pahang
P7-211 Kuala Gula, Perak

2_g sinensis E-14o Ulu Nandul, Selangor
E-145 Ulu Bendol, Selangor Sindbis

Lix vishmij group P6-553 Malacca
P6-856 Kuala Lip.Js, Pahanr
?6-1 3 3 3  Tumpat, Uc ntan ....
P6-14A2  Kuantan, Pahang

C. sp. 'near .u' E-21 0  Pacific Tin, Selangor EAkau
N.niia unlfnrmi n P5-350 Puchong, Selangor ----

Ticks

Arblynra tpstudinariuyr P7 - 2 7 5  Kelantan
Aras p,, hIn. P6-1 361 Keterah, Kelantan

P6-1 3 62  Keterah, Kelantan
Bcpbii r,, SML21[ Singapore Seletar

"P5-1 2 7  Kepcng, Selangor Seletar
BmAp.hybalia s.Amp•e•is P7- 2 3 9  Belera, Trengganu

P7-249 Belera. Trengganu

HIrpAhy&sa.1i sp. P5 - 1 2 3  Kuala Trengganu, Trengganu Ianjan

Vertebrates
u rattl. dsi-rdI 1-i06 Paroi, Negri Sembilan

P5 - 1 5 0  Sekinchang, Selangor
a r P- 3 0 3  P-.lau Aur ----

Rattun i2.alrenis N- 3 1 6 Temerloh, Pahang
P- 7 3  Sungei Buloh, Selangor

* Exclusive of Philippine virus isolates.
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Table 15 - Virus Isolatfs Onder StuAy (contimled)

Source ihz.ber Lo:ilit.t identificattion

VcrtobrAtc<.
Rattus jalorensis P-223 Rintau Panjang, Selangor ....

P-225 Rantau -%njang, Selangor ----

SF-37 Rantau Panjang, Selangor

Rattus norvegicus 11-34o Georgotown, Penang Dengue 2*

Rattus and Tuptia spp. P-132 Bukit lanjan, Selangor ----

Suncus rurinus P-378 Kuala D.2mnur, Selangor ----

V-323 Georgetown, ?enang ----

Chicken V-294 Georgetown, PenanC ----

V-364 Georgetown: Penang

Sentinel chicken #203 P7-,_l Gunon• '+nz', Pzh ,.•--....

Pig R-751 G2crgetown, Penang ----

P6-725 Swigei Buloh, Selangor ----

Horse P5-293 Ipoh, Perak Japanese
encephalitis

Sentinel ,onkey #19 P6-898 Ulu Lui, Selangor

#19 P6-950 Ulu Lui, Selangor

#5 P7-171 Ulu Lui, Selangor

#5 P7-177 Ulu Lui, Selangor

#141 P7-174 Telok Gcng, Selangor ----

Hunan A-342 San Francisco, California Colorado
Tice Fever

Chin I Kuala Lurpur, Selangor Coxsackie A-8
Chin II Kuala Ir'npur, Selangor Coxsackie A-8
R-155 Georgetown, Penang Dengue 2
R-254 Georgetown, Penang Dengue 2
fl-3147 Georgetown, Penang Dengue 2

R-396 Georgetown, Penang Dengue 2

R-456 Georgetown, Penang Dengue 2

R-45O Georgetown, Penang Dengue 2

R-590 Georgetown, Penang Dengue 2

R-592 Georgetown, Pený,-7 Dengue 2

R-875 Georgetown, Penang Dengue 2

P-876 Georgetown, Penang ----

R-887 Georgetown, Penang Dengue 2

11-888 Georgetown, Pt.nang Dengue 2

R-939 Kuala Luxpir, Selangor Dengue 2

R-968 Georgetown, Penang Dengue 2

R, 972 Georgetown, Penang Dengue 2

R-982 Petaling Jaya, Selangor Dengue 2

R-1134 Georgetown, Penang Dengue 2

P5-312 Johore Bahia, Johore Dengue 1 or 3

P6-525 Pet-iling Jaya, Selangor Dengue

P6-1358 Petaling Jaya, Selangor -

P6-1359 .....

P6-1457 Ulu Go.ribak, Selangor

Total 83

* Possible contarinant.



Table 16 - Surx:ary of HI Cross-Ca-parison of M?-740 Virus with Group B Viruses

F6-740 Antigen 16--740 .Iznune Serur,

Ht/Ho* Ratio Ht/Ho Ratio

Dengue 1 0-10/80 ) </8 (10/80 ) 1/8

Dengue 2 c.10/80 )1/8 20/80 1/4

Dengue 3 10/80 1/8 20/80 1/4

Dengue 4 10/8C 1/8 20/80 1/4

Tembusu lO/64o 1/64 (10/80 > 1/8

J E £o/64o J.1/32 20/80 1/4

Iangat < 10/160 ) 1/16 20/80 1/4

Zika 80/160 1/2 160/80 2/1

M VE 20/-- --

S L E lO/--

Y F (17D) < 10/--

llheus 20/--

Itaya 20/--

Uganda S < 10/--

West Nile 20/--

* Heterologous/11criologous

Table 17 - Ccr.parative IUeutralization Tests in Mice
with P6-740 and Zika viruses

Serur. j Zika F6-74O

Zik' <3.0* 1.3 * 1Neutralization Index
P6-74o 3.0 4.3
West Nile 0 0
Dengue 1 0 0
Dengue 4 0.8 O.5
Y F (17D) 0.3 0
Uganda S 0 0

_ ______
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Table 18 -Viral. Antigenc Unsed in Her-agglutination-Inhibition

and Ccr~pler~ent-Fixation Tests

Group2 Ant igcns

Routine Use

A : Chikungunya, Getah, Sindbis.

B.: Dengue 1, 2, 3, 4~, Japanese encephalitis, Tenbusu,

Langat, Zika.

Bunyar.'wera Bunya-.werra.

Hon-routine Use

A Bcbaru, Eastern Encepha~litis.

C Marituba.

Bunynr~wera Batai.

Ketapanr Bakau, Ketrapang.

Siribu :Sathuperi.

Turlock :Uibrc.

Miscellan~eous Colorado Tick Fever, L-)njan, Wad Medani, IG-67(3, Seletar.

Table 19 - Cross-ccrcparison of E-210
with Ketapang and Bcakaiu viruse(-s by

?k~~'1.i*~riTest in Vic.,

Sera V ir use s

E-210 Bakau Kct~ipang

E-210 ')5.2* 4.2 1.1

Bakau ')5.2 4.5 1.7

Ke-t'ipang (1.2 <0. 7 4~.5
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Table 20 - Cross-Neutralization Tests with Wad Medani,
IG-673, SM-214, and P5-127 Virases

Sera V i r u s e s

Wad Medani IG-673 SM-2!4 P5-127

Wad Medani 1.4* 0.6 0.7 0.5

IG-673 0.7 1.6 0.8 0.7

SM-214 0.3 0.7 1.4 1.8

P5-127 o.4 0.8 1.5 2.5

* Neutralization index.-

Table 21 - Cross-INeutralization Tests in Mice
Cor'paring TP-94 and P5-123 strains of Lanjan Virus

Sera V i r ii s e s

TP-914 P5-123

TP-94 2.0* 2.2

P5-123 2.4 2.1

* Neutralization index.

Table 22 - Neutralization Test in Mice with P5-293 Virus

Sera Iieutralization Index

P5-293 3.7

Japanese Encephalitis * 3.8

St. Louis Encephalitis 1.0

West hile 2.0

Murray Valley Encephalitis 2.1
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Table 23 -Stock Arboviruscs 14aintained in the San Tranclsco Laboratory

Grou Virus Strain

A Bebaru AI2- 23534
Chikungunya African

TH.Jr)
T-18'5

Eastern Equino Encce)halitis

T-172
Getah AMj- 2021

MayaroSagiynar (Mag 232)

0'nyonC 11yonC, Gulu
Set-,lik4. Forcc-t
Sindbis P-886
Western equine encephalitis Olitsky

B Dengue 1 Hawaiian
Chi a
s-6ol

Dengue 2 flew Guinea C
Trinidad 1751
TH- 36
S-843

Dengue 3 H-87
P-301
P- 482

Dengue 4 H- 241

Ja-nancese c pcts Nakaynuria
Langat7P2
?'1"'rr'y Valley Encephalitis
Ntn'ra
St. Louis Encephalitis Webster
Tcr~bu su A"*-1775

Ug~irida S
West Thil-.I2
Yellov: 1-cver17r

zilt"IFrench rNeurotropic

C Car-ipar-i
tinrituba
Oriboca

Bunyar~wera Ba tai aJIM-2222
Binyv)-wc ra

Wyccryia

California C'nlifornia BYFS-283
Trivi ttatus
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Table 23 - Stock Arboviruses Maintained in the S.F. Laboratory (continued)

Group Virus Strain

Sinbu Sathuperi G-11155

Anopheles A Anopheles A

Turlock Turlock S-1954
Utbre G-1424

Ketapang Bakau Ai1-2325
Ketapang AMM-2549

Ungrouped Anopheles B
Chandipura 1-653514
Colorado Tick Fever Florio
Lanjan TP-94

TP-123
Wad Medani EgAr 492

IG-673


