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ABSTRACT

SEATO MedicSt\¥:iy No 40 A thropoci-borne Viruses in the
Bangkok Area

Project No. .3A 025601 A 8-;1 Military IvIedIdal' Research Program:"'s" 
E. Asia

Task 01: Mtlitary l'kdical Research Program:
s E ' ",.~ .,

.,11'-'0"""

Subtask'O1: ~itary M~ical Research Program
SEASIA (TI-..a.iland)

Reporting 'Irtstallati'on:" US Ai"m;:T-SEATO l-1edical Research' I.a:bbratory
APO 146, Sv.n Fra.'1cisco, Cili.fornia

Di\~'~~dh~ of ~IeQi~al Research Laboratories

De~~~ment of Medical Entomology

Period Covered by Report: 1 April 1963 to 31 March 1964

Principal Investigator: ~~jor John E. Scanlon, ivlliC

Reports Control $ymbol: MEDDH-28S

Security Classification: illJCLASSIFIED

T'ne objective of th.'3 StL1y "::c'1,-J to coJ.lect mosquitoes and frcrn
these collactio~5 to d'3t(:~j_:c~ th9 poDs~ble ~cl'3 of man-biting species
in the tra..vrsiriissiOh of T'nai heinoh""ll~.gj_C fever., : Mosquitoes 1Jrer-e,callected
in Bar.gkbk using 'u;' variet.y'of'teohi1...i.:que.'s fronl ~v.ff;i.)dt .f961 to ~ch 1964.
Thai hemol~rhagic fe..."er'j':-s i::.n c:.C\t~c rfebril-e disease of children iliBa.rigkok""'. 
\.rith 'frequent fAtal out.come'~ ."'.C\'"er' s;ixty specie~ of mosquitoes Lwere:'!ound
in the:"city" bu.t leGs t.hriil a,;d06'en 'of these fed -On 'man in'lar'ge'n\lmbers., De~e;and':chLJ(urigt'U1ya'~~f$e:s" .:the p:'ei;;~j;il1ed~c:jlbJ:.ogical agehtsof the

dise~se were isolated ,rr:-O:Il;'~~~i~:t' ~~~J ciiId:the pop~lation CUI've of
this species is r~lated to the)c~.2r\&,'3. "of the 'ha:~cirrhagic fever epidemic.
Chiktii1gm'Wa vll'US was" also iSO!j,.t.~i, frail.~. ~-:jp~~f~~~~ but the'"
population c~e;f'dr f,Ki.s species is. qui.t,e differeh-t, from' the epidemic'
curve. Data are presented c--' the habits and distribution of several
of the other important man-biting mosquitoes of Bangkok, and all of the
species found in the city are listed.
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FDIAL REPORT

Ob.iective: To determine the species of mosquitoes which attack man
.in the ~gkok area; a~ ~o further d~tennine which of these may serve:

as vectors of various diseases in the area. Particular emphasis has
been placed on the dete~ination of the vector of Thai hemorrhagic fever.

.Thai hanorrhagic fever, an acut~ and often fatal childhood dis~'ease, had
been ~een in the city of Bangkok in epidemic form during the rainy season
since 1956. It was strongly urban in character and dengue and chikungunya
viruses had been associated with it. The initial approach to :the study
ws to determine: 1. the species of mosquitoes which commonly feed on
man in Bangkok and environs, 2. the presence of virus in these mosquito

192



0 00 .

species; 3.0 the re!~ti<>n~hip:6f ..nioS<lili~. .pop~-at~eH~'-eUl"Ves to the
epidemic.-~~ve in the city ~

.
Pescr!p~i2n: Initiq.lry, Jnpsquitoe$ w~r~.collected i~ a wide variety
of sites in Bangkok and the slir'rQUpding .rurq.I areas, in ,order to.
determit)e'~hespec~e$ ,pr~sent, ~heir relative abW1dance~.and t4eir ...
breed~ s1 tes. Collections were made by all standard :methbds j:_-l;n-';~: ,., ," , ' !

cludit)f;: h9USe: ~d an_l'shelter restingcbllections, standar4. ...'.
New jersey mosquitq 66 light .fjfaps, and human and a.niJn.!1;1 bit~, .; .',':::
cO-~lect~:':'::A11 1.~Ving n;t6sqUitoes were bro~ht to the ~boratorY " '

for ideritifJ;catton~ Females taken in'.satisfactbry.'coIidftion were' ;:'
, , .,'.' , .~ , ..." .

frozen '-a,ndturned ovez:- to the Virus' Department, SlifiiL, for vJ.rus .': .."
i~61~txqn"att~mpts. From'FeQruary 19q2 to Jan~ry 1963 theccbl-, , ;~.~'-"

-, ..." ,-

lections 'were concentr~ted in five area~.,of, the 'city with appro~- ';:.

'mate:ly ;eqUal'popUlatfon but widely diVe~ging character. SJJnultaneoUSlY,
-:th~~V~us Department conducted serolog~6~ and other studieson"th~;:~ '.
h~n 'and' animal pop~tions in the areas Fr6m.~pril 1963 to, Ma1'C~::;;"
1964 the mosquito collections were repeated in two of the areas surveyed
in 1962-1963.

.., ProP:ress :' .:'!'his report deals printari]y With the popUlations and bJ.t~g-

}jabits of the iv~ious mo~quito species encounter~d in the study- vJhile
fuus isola;tfons are nieriti6ried arid discussed briefly for comparat~ve,
purposes, '~~~ f1iJ.l acco~t of th'e virus isolation program will be. ...
found 'in the ire.ports of the Virus Department. ..

'. "

.':~' ~ At thetiine "the study was j,nitiated approximately fifty species:,

; of.. ;~~5q~~toe~s' h_ad p~.enrep6rt'ed from the vicinity_.of Bangk?k by a n~er
of workers_. -Th~- mo'st --comple~~_' ~vey {mad~ by Dr. Bhatia, World- ~~th;
Organization)'cove~ed'orily a r'elatively sho~t t-ime span' iri19~1.N6 inr6r-
mation was available on the seasonal trends of the mosquito' popUiatibns
in the city, ._although it was generally accepted that the pQPulation, as
meastlred by' the comp1:airits of human biting, was lowest duriiig :.~he 'summer I
mo~ths 0'£ ,Mar'ch'ito lvfai; Many' of the specie;s 'repor~ed by p~eVi6us ~Or~ers

~: !from Bangkok::were not known to attack iIian, 'and 'the" relative abW1danceof
the various human-biting species was uhknown~ Our initial surveys indicated
that r~latiyely few species were attracted to man in sufficient numbers to
serve ~s 'P.ot~htial vectors. of 'Vir~s diseases. By the end of' 1961 fifty-
fo\.Ji- speci~; bf':mosquitoes had appeared in our collections. 'rue specie:s
biting _man iri _~he- greatest numb,ers Were foW1ct to, be: ~ QU~QUefas:ciatus~
~~ a;e~~~',~..~s~ ~m--~~ ~ tritaeniorhyn2hus~ ~~ gelid~s~;, Matisohia indfaha. Anophel~~ ~~~~ Anoph~les vagus and AriIiis:teres ~.e!.-

~. Of these, ~ ~~ and ~~eres s:!,lpalbatus were predOminantly
day time biters, while the others were chiefly nocturnal. An analysis of
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the 1961 collection data revealed that Ol1e species, the uniquitous
house mosquito~ ~ qUing~efasciatus (= fatigans auct.) was over~
whelmingly abundant in all sections of the city, and that ~. .':
aei!YPti was also widely distributed here. Interest also centered'"
on these species, since preVious workers had reported that both of
them might be invQlved in the transmission of the virus or viruses. -:. .:..~
of HF in Bangkok. Some indication of the relative abundahce of, ,:

~ ~~inQue!asciatus may be had i'rom an examination of ,!,ab).e 1,
wher'e the attack rate in human biting collection averaged over 22
per half hour. !~ ~~,:!- does not appear in the list of species
since the collections were entirely nocturnal. The.Q. auinauefasciatus
count was much higher in other parts of the city. The col~ections listed
in Table 1 were made on a rural fringe of Bangkok in order Cto permit
s~ultaneous collection from large animals e It will also be noted in
Table 1 that .Q.. QuinQu~fasc~ty§ is strongly anthropOphilic, relatively
little attracted to domestic animals. This was fotiqd to be equally true
of !. ~eBlEti as' expected. During this initial period 15,763 Q. Qui~Que-
t'_ascia~us and 739 ~ ~~ females were preserved for virus isolation,
but no' agents were- recovered. '.' ., " ,\

In January 1962 twenty areas within Bangkok of approximately equal
size we,r~_selected fqr a coordinated study of the presen~e of viruse~
.1Ji t-h.e h~ and mosquito populations. The areas were selected with- the
aid of statisticians of "the Wor1;4 Health Organization in Bangkok~ based
upon the enumeration districts of "the most recent census~ Five of the
areas were fUrther selected for detailed mosquito studies (fig'1). Ail
of the collection methods mentioned above were employed and collectors
were present in the areas fran 0400 to 1)00 and fran 1500 to 2300 hours
five days a week, giving a yery eXtensive coverage of the areas. In
addition, several all-night collections were made, but it was tietermined
that the catc~ in the~e was not sufficiently different from the schedUle
adopted" to warrant using this technique routinely.'

The choice of ~re at'eas was dictated largely by a desire to inclUde
as many different representative types o~ human environment as ,possible .

within practical limits of transportation am tiIhe. A general descriptionof each of the areas is given below: ; .:; ,
., .' --." '. ~ ...,

Area.-3';; Bangsue: A newly developed area, consisting of small homes
set among groves of coconut and fruit trees. IfJany of the orchards are
;rriga.ted by -ditches in a grid system" Hedgerows of bamboo and other
;pl-ants .are common, and in places it is difficult to see the homes due to
.dense ve.getati-a;n. The population is largely Thai, with Clitnese- merchant.s
in eho~hou6es'al~ the major streetso ' ;.- .:. ~

: .: -.',' .!'.' -.. ".-
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Table 1 Nocturnal mosquito species attacking
man and cow -Bangkok.

Cow
(S4 collections)

: Total _,' Per Collec~ionSpecies

HlJInan 1
(31B collections") 2

Total Per Collection"

2

4
1

2

3

2

1

2

69

49
2

47
36
20

9

897

5
1

65

1174

58

4
1193

35

39

1944

0.8
0.6-

-
0.6
0.4
0.2
0.1
10.7

-
-

11

2

-

-
0.8

14.0
0.7

47
7031

21

162

29

105

';:70

0.2
22.1

0.5 1402

0.4
0.4

23.1

-
0.3
0.9

Anopheles aconitus

Anopheles annularis

Anopheles argyropus

Anopheles barbirostris

Anopheles nigerriJnus

Anopheles peditaeniatus

Anopheles sinensis

Anopheles subpictus

Anopheles vagus

Culex bitaeniorhynchus

Culex fuscanus

Culex fuscocephalus

Culex gelidus

Culex quinquefasciatus

Culex sitiens

Culex tritaeniorhynchus

lJIansonia annulifera

Mansonia indiana

}JIansonia uniformis

7693 5649 67.3Total 24.2

1 . A collection consists of the female mos~uitoes collected in one half hour
by one man, from his bare :legs, or a bait animal.

2.

Values less than 0.1 not recorded.
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\ \

[igur_e 1. Hemorrhagic Fever 'Study Areas.

Bangkok 1962.
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~ea 5-:- LJJmPini.: An Urban ~:rea with ~ 'dense, predominantly Thai,
poPUlation. There is little vegetation in the area pre per, but it is
adjacent to the open areas of t~e.:_Ba,n~ok Polo Club" Lumpini Park and
Tabacco Monopoly factory and warehouses'o "'Street -drains and open ditches
are co~pn. ,;

-.'r

kea; 6- PathUIm'/an: An .area 0f intense human concentration, chi~r1y:;
Ch~e s~:.' 'Only one tree' Was found in the area, ~ich c,ons isted of' :closelY:
M-,<fk~d~rO~6 01 houses, chiefly of wooden construction. Another,verY:sim~ar
ar.ea~}:laa originally be~n chosen for the study): but this bUrned c'cmpletelY
just'4:~ '~~~...coUec~i'ons ~re- b~ginpipg.- .";' " : "

.;~.; ...r; : :;,' , ; .: ...'-:;j.;::.

:~.: :-:4r~~ 1 B- Eck~ai: 4 ~ub~ban residential area.) chara(!terized by large
colJlpounds,and houses of a moI:'~ ~vester~ :type.' , The popula.tion~includesmiddle
,9~~~~"Fhais ~nd Chir:ese, wit~a largecproporti.on of Americans'anaother-c
t'ore~gner~o There 1.S ab~ant vegetation in the area, but of a 'rather
diffuse nati.1re:. : ,:: '

, .~ea 2~ a~y K~: Row housing, ~o~!e ~ triple units of wooden
cqnstr\l,ction. This is a gover~ent housing project, with a mostly Thai
p~a:tfo~~ The area i~rather isolated from the city'pro:per" arid surrounded
by e:r;.tensive rice fields. ,;,,; .,

From January 1962 to January 1963 over 92,000 mosqUitoes!rom the ,";
five study areas were frozen and submitted to the Virus Department for

.'e' ,

isolat~on ~tte~pt.s,,;,Only,twp species, ~ ae/lYPti and ~':Q~:U~fasciatus
yielde~ viru~~; Twentyc<;>ne str,".ins of dengue virus and 7 straihs.of ohikupgunya
virus were is~l~ted ~rom pools; of ~ ae:gypti; while chik~a virus
was isolated once from Q. B.~q,uefasciat:us. Several other unidentified
viruses were recovered, and a discussion of these will be found in the report
of the Virus Department. C~ic~l ~d virological studies by members of
the Virus Department clearly lnd:icated by the end of the 1962 epidemic that
Thai he~orrh~ic. £ever,.?, as seen in the s~vere form ~ .c.~~~dre~~,..was caused,
by de~e viru~ of a n~ber of perplogica~ types, while. chikungunya virus '.
appar~nt~ caused a less severe j.lln~ss. ; ,. ,:' '...~:'!

...'- : c , ' ., c'~:; ,.l,;::
Th~; 1962 epidemic was :the ~st,'.s~v~re ye:t seen in: Thailam,..and thei..:;c-~

number qf case.s enGountered permitted an analysiqof the population..trensrs.r
.'

of th~.m9.s:quito spec"1es en~ountered q.up;j,.ng the year in comparison- With'i';~';.;;':'
th~ ;tr:e.~f,:,of the epidemic, as. de-t;.e~edby members of the Virus Dep-a,rlmertt.
W_:'t:ne,e'rid 0,1' the collection pl'ogram'int~e studyareas.in January';1963,' :,;:,

, ' , .--' .' .siXty.sp~cies had been f°¥nd in_our Go:);;lect.lons. Asiin the preliminary 'c

study, relativeiY few of thes~ ~ere :found ;~o feed-on ma.n~in numQers sUfficient
to account for transmission of the disease. Each of the important species
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will be discussed in detail below, while a list of all of the mosquito
species collected in Bangkok through March 1964 will be fourn in table g.

~. ~~ Linnaeus " ..:..

This species, the classical vector of the viruses of yellow fever .

and dengue, is widely distributed in urban areas of SE Asia and elsewhere
in the tropics. In Africa, where the species presumably originated, it
is encountered frequently ;in. jUIlgle areas far from human habitation. In
the other parts of t~e tropics am sub-tropics where it occurs it is firmly
tied to man and his habitati.ons, peing only rarely found in small villages
or isolated homesn Many aspects of human activity in Bangkok make the
city particularly suitable for this mosquito. Chief among these is the
habit of storing drinking and washing in large jars or barrels, for this

.mqsquito is predominantly a container breeder, requiring clean water. In
several of the areas studied, parti~ularly areas 5 and 6, there is no piped
water supp~ to each house. Residents obtain water frOm a community stand
pipe 'and store it in jugs. Bven where piped water is available, such, as
in most of Area 18, the uncertain water pressure causes householders to
store water. There were !. ~~,present in variable numbers in almost
every h~e examined. rable 2 pr~sents the collection data for !. ~egyptiin the five study areas by ~ethod of collection and area. The species -

feeds primarily indoorso It may pass its entire life cycle indoors, the
eggs being deposited for instance in the ant guards frequently found in
homes in Bangkoko T~e depo~itiQn of eggs ~esistant. to drying permits...
the s~cies to pass through dry periods of the y~ar, although breeding
is contin\leus in the Ba~ol( region. The onset of heavy rcrlns in May

::~~~_.'~~rid-:':;iJ~~~ the city perinits a rapid hatching of a large n-umber of eggs:, : .
v and~~.a marked rise in the population which parallels and preceeds the

epid~c; 9£ hemorrhagic fever (fig. 2) ;,' :, :.'
.;. "

~ ~~=f~~ciatus Say
.", "

.~'(; ;. ., :. '"
tJh~e;.~ ~:li requires cleat1 water for breedl1Jg, this speC1.es

is found pri1I\a.rily in wate+- heavily polluted wit'h organic matter. It is
by far, and by all collection methods used, the most cOmmon mosquito 'in .!,-

Bangkok, and the cause of most complaints of mosquito attack" It is
particular~ comx:non in the sullage water under houses raised on pilings
in the city~ a~d in open and covered street drains. Larval counts of :'
several:pufld,red per dip were found in such breeding sites. It is appr6ximate~
equa.~, "~b~a.nt in most pa.-r-tsc of the city, as was the case in our "stud.y

.areas (~b+ec?). Q. ~~q~efq,s~~~ feeds equally well indoors am out~<?ors,
and while, it is predominant+y a night Lime feeder, it is also somewhat...;;. "

f'O: crepusc~~ am will feed indoors in the daytime in subdued light'. I~s.j '\.
..'" .-:'.-' '"
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TABLE 2

~ ~li Collections -Bangkok Area Study -1962
Total Females Collected

~i

":'- ;,
:!: f;
.:~":: J::

,,:
Area

Collection Method 3 5 6 18 20 Total--

1176
723
31

1756
993

43

57~
3674
191

575
491

37

874
479

20

1402
9BB
60

Resting
Human biting-indoor
H~n biting-outdoor

96481930
20.0

2792
28.9

1103
11.4

1373
14.2

2450
25.4

Total
Perc~:nt

~!$~i;:ii1

::~1f;,
TABLE 3

~:;"':~('~ 

~,~~~~~.

.Q~a~inQuefasciatus Coll'eo~i~n5.- Bangk<;>1:C ..~ea, St:tJd~"i+ii19~b.."~;;~;.,,,~.!-.
Total Females Collected C' ".,

:: :
golleg~ionMethod; 3 20 Total
: .;

Rest~ '20247 20080 21629 18052 16848 (96856:Humart 
b'1t'iJ;ig;;:;;indoor 5003 '4439 853 4462 5551 ,,' 20308

Human biting-outdoor 3978 .3183 3829 4385, -4736 20111Light trap 1242 ,9105 7539 6528 ~ 11101 35515

38236
22.1

17279036007
, 21.3

33850
19.6

33427
19.3

30470
17.6

;Total
Percent

,
--",'-.",-".-."~""'i ."""r'.' " ,

199



~

I'

.

t J

~
t

II !I
O

t, 
-,. 

..-,~
~

o.N

20{)

S
JS

Y
:>

'uQ
.

e 
c

~
 

,2
e S
=

 .-
~

Q
. 

, 
:yC

I
:2 

~
5 !
~

~I00. II

I00~

I00N

I00 
W

~
,

, 
d~

3J. Nt~.
zoc(
... ~1&

1
'"-

'NC
D

at.~~
,0~.,..

=0u~t.!uI-.Co'i
z 

fit
~

c
~

._:_'-&
.

:i"8
~

 
..~-G0JI
.,.;

~
 

..,
; 

!~.2-
u.

«C
o

~ u0 U161
0 zc...~, C

o?
~oct

G
o

&
.j

(/)

~z



habits would seem to fit it particularly well as a vector of human:
disease, and in some areas it is a potent vector of filariasis. As -'

noted above, however, it does not appear to be involved in the tran,s-, '~
mission of hemorrhagic fever in Bangkok, and certainly not of de~e :';'-':
virus. The isolation of chikungunya vir1.'.s from the species' may have
been due to the accidental grinding of an engorged specimen~ since in
allimited number of trails we "lere unable to obtain transmission of c..
the virus to mice by the bite of laboratory infected females. F'lj:rther-
more, the population curve for the species, as shown in fig.3, i15;quite
different from the epidemic cur-ve~ As is the case with the other species
breeding in groUIxi pools, ..9.e QuinQ\lefasciatus tends to reach its peak
a~ the end of the rainy season, when water surfaces are at their ma,x;im\JIIl,
and stable. During the rainy season proper the heavy tropical rains tend
to continually flush larvae down drains into the open canals and rivers
whereth~ir chances of survival are much less. The same populatiopcurve
was seen in the 1963 ~olle;ctions, which will be discussed below.

~ k~3niorhynch~~ §~orosus Dyar" ,
.c

The collection data presented in table 4 shows the difference in
di~tribution between this species anq~themore urbat}ized s~~~~~"isu~h-
as ~~tjuinquefasciatus or M~ ~ewti. \Jl1ile a smaU "riilii1f1er~-of'-~'
females were collected in tp~c'hea,~; of the city -' and both males and
females were taken in the l~ht traps in densely settled areas, there
..; .,J.;: -i){ .,","?g'~.,A~C~i';;'."')"J.s a marked shJ.ft of the po~~tJ.on to~d .:the mq1'ie.rUl'4;~:~;~-:rea~~'-'~ea;s,.'"
18 and 20 both are Within e~~~ffi~~t,~p~p&p!,~!C~! rice paddies and open
pools With ch~avy grp1.fth of ~erga.ntc:ve~,tatiQh. ~ese are the favored

.C' .
br~eding 'sites for:Q. k;i,tac~ni9r~vn~h~!#- ar6Ulld~~i~kok,,:~though the'larvae 

may also , develop in i~t~r ~~~~r:,..~~~.,.~<:;~&~,~,,?f po~ution, such
as pools contammatoo by stabm'::rUfI~~off;' 'A$""i:~1..'tated J.n tabel 1,
Q. trita.eni~h~~bu~"f;~~s to a great :-~xtentori l~rge domestic animals.
Thi~ ~~tte~::of feeding indicates thfi"Possibility that in Bangkok, as
'a elsewhere in Asia~ the species may sel've ~s a vector of Japanese
encephalitis. The population of Q. ~~I.!i-orhYn~h~a,reached a peak
in t~ Bangkok area in 1962 at cthe time of initia,l floOding of the
open fields and rice paddies (figure 4), somewhat paralleling the rise
in the epidemic curve~ However, the disparity- b~tween the distribution
of the species and the cases ofchemorrhagic fever'~in the city in 1962
mak~s;~it most unlikely that Q. tI'it~eniorh.vnch~ played any role in thb
epidemic. No viruses were isolated from;the species in 1962.

~ ~e1igu~ Theobald

The sea~onal distribution (fig. 5), distribution with-ip, the city
(Table 5), feeding and breeding habits of this species clo~ly parallel
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TABLE 4

~ tritaeniorhynchus Collections -Bangkok Area Study -1962-
Total Females Collected

Area
1.86Collection Method 3 5 20 Total

9
24
21

1447

8
17
53

5309

2
1
5

987

62
133
19b

42325

24
72
87

19591

19
19
20

14991

Resting
Human biting-indoor
Human biting-outdoor
Light trap

Total
Percent

1501
3.5

5387
12.6

42706995'" 2.3 19774
46.3

15049
35.2

~,

TABLE 5

\..' i '.. , "
~ gelidus Collections -Bangkok Area' Study,~;,'1'962

Total Females Collected

Area
5 6Collection Method 3 18 20 Total

57
30
38

1058

5
6

13
2125

3

3
434

g
3

16
9913

19
81

13B
10095

92
120
2OB

23625

Resting
Human biting-indoor
H\Jman biting-outdoor
Light trap

Total
Percent

11S3
4.9

2149
8.9

440
1.f3

9940
41.3

10333
43.0

24045
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TABIE 6

Mansonia uniformis Collections -Bangkok Area Study -1962
Total Feamles Collected

6Collection Method 3 5 18 20 Total

5
24
30
84

2
65
36

139

4
1-

15

35
253
467

1405

1
5

35
425

47
348
568

2068

Resting
H1Jman biting-indoor
Human biting-outdoor
Light trap

Total
Percent

143
4.7

242
8.0

20
0.7

2160
71.3

466
15.4

TABLE 7

&!°Eh~les annularis Collections -Bangkok Area Sthdy
Total Females Collected

Area
5 6Collection Method 3 18 20 Total

-

1
144

-

64

-
-
7

-
1

1201

-
2
9

S937

Resting
Human biting-indoor
Human biting-outdoor
Light trap

64
0.7

Total
Percent

145
1.2

1202
13.4

7530
84.2

89487
0.1
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b. 'c"' oc""'!';"" rl 0 ", "( "' l~ [ 1"'-'" 0 ::' t ~." "'n~r ,0.'; C -"; t '., !'~ 0 ,.) ~~t... : "> -'-'-"\.._L" '.1. J; ,; ..~"..'- .:. ""'- vc._o'-"~.l.L "'.L r, "'_'0;; i \:;,._,
0 ," th '" ;°.10-::(' 1U'-I 0 no""ul ,,"--j on~:. u i. 2' ,~lI- .

;
!0)J."' t 'l ' l"

(JU-I.; O""1 ,"'-1-'.1':; .1 ':°h" C.!1,0'T ,..,,;,' 1-1UT.",vI ;-""' l,",{-j'; n fJ- 1-j', hl "t S" lI-~l- "." 0 v... .1_",;, h_o-.l .'-' "., ",1_- ".c.
~:hile Cbih'lUl[:"U."I.1i:' Vil"US trtas i:::ol::.tc() fj:,ou ,9.. Qu..i.l1c;usl1Sci(..ttl.fi.~

).._'- (10C '- not '-'1"--) '-"'1' to '~,J'-',' '.. } ,,"1 0'" l~o l--, ';'1 :..} " ( ~""'-'~ l~"'-;- l' on 0 .," t1, lr-, u --v "'i..1; 'C'.- "" 5 ,- "'" ~~ v ." c..L.~",.,_. w ~.. -.virus.

FrOT;} ADr'i1 1963 to l'lilrC:l 19G4 ::!10S0:::ito col.l0ctions .'lcrc l'e1?J:-ltCf3
in two of tila s-!;.u_c;Y ::~r(~a~, ::~S a cilecl;: ~n the 1962 r;;~ul'i:',j. 'fh':J c:::;::m
r-yc ",c' r " l n"++""" n 0 -1" '-"":"" 0"" 1 ll-; st"~i b"+';{"\ r) 1"' S O'r) -I,'4.-r,,~ ':;'c '" ."-,ro,,orj ."-:.;.",,.,tiU L:'~ ,. t~_""'~L -~~~,'-' 'IL. ~.. "~.- ..."...'~ .,- v.,,-LoA-."- ~'L !.~'~Cc:'. ~'~c'"'£c,~

(fit;. 8) ar¥:': £. Q~!r!(.1u.efi~::;_cj.::..t~~ (fiG. 9). fiotf8var, th,') po:)uj.~~tion
'- f ' ,. h' - t '-/-' C ..",'-.-IrPc;c;.l:;:or it. ,",c'!'n"Gl. \'1;.1.6 rjU(~ ...~;)SS £'.bJ.'U'O", 8.11::'. "r;~ .Ul."1CUor.~tiCl,-"U.;>-~~-L_',-~;;; '-

popula'tj_on shovlec: an c";.Jrli'~r (Junc-July) pa::c,k th~l in 1 [,)02. It hi.'.C:
bt~on 'Jxpoct~d thiclt th e c:,)ic~e;:dc 1..'Ol11c~ be V;3rjr S!?li-~ll in 1963 J but this
did not prove to be th'3 c,~sc.

,'is !!; rcsuJ_t of tr,(} 196,'3-1964 collectio!'ls, 4467 ~~ ~Cj-Ci9"Jti [I.nd
60~157 ~ puinoU~r~&cj:ltu~ '~cr3 furnishcrj to the Vil~US De':),~.~,u~1r,t~ '- t t - t ... t '1'h . 1 .-,.. .-- 1lor ,,-UI:;). )_011,';'.1.. 3.00-1..."'. :1-0n 0.'. "jTil'J s. .CSC :LSO t:."(.:Lon Sc,llC.:t.,-'S ::.rc :;;Ll_1..
3.-0 1 t ' ..-~. 1 .""1 b " d -' h t ~ thnconlp~~, C, ana a U.J.SCl1.S~~lOn OJ. ,,1:;:)!;1 '..f;L'.-L C .J.O~ 111 (..C repor a: e
Vil~US Dep;_'.rt~~el:.t. T~onc af the abscrv,~"tion~ in 1f.Jb3-1964, hawevbr~ lll(;.ic:;ltco
th;:; necessit~r far C1,.ln;;,)s in thc conclusior1.G rG::J.cn{..'<i :3."(. "I;.fle CflQ. of thlJ
r,ill ilrQ~ st uCv...

In th '" " 0 """"-'"
of CO-

.L ;'~ ( ':-";"""C' ..;.., 1C(..~ J." t ,.t,
r 'o tc "".""'; nec; "',.." [\.:.,:1"' 8.-,... \L)."'" '-~ .U.'-V.~V ;~..., -,'c,'" ..", LJ,"'" -vl- -v ,."",.,,-,

ac..-;::rpti tf:'5 br(~('di!1'J. iI' SOT1'" "t'1Jf"b"r~ it1 ."l'oC colc..", in th.' ct~",. 1"" S;c"'ii;,l'

::~-:~'~,~ .-~,' '.:, ":_'..", -""""" ~".""-- ,~. ~ ,: ; ; ," .-'1:- '-.~ :,:" :""';0.. ". ~--~~ :-..~.
",ltu",tJ.on ,-,.s b,.",n r~..;.o.. t.."r~ lro." 11 ).;)~,'. a. tirl1J.l'_e th" ,..ltuc41..:Lvn :tn 'l..l.r:tcY'I

t 1 ;c. {o r """' }, olc ' Ol ,p,u
C '; l "'.' i" r ,",c:"' r '; ct ., ( : to tr """-' .; n the JJ.,.,-.-,j.;,., t " -.f CJ ."' J.. ty1_-,-,J " "'-, ,. ,~}.- "'" ..'" ""v... G c ,."i:) .I.. .~ _.~...,," ., Y.L .~.

of .n",:",~r, }','.11 .: t "+~"' n "...,,1 1"" 1- 1 " Y -' """".;", ( ", ~1."""'~7
hun .' r( 'r:" " j'. ...,..",.,... ..;

rl C 1""'rJ ~'-!:"'~"'.""""'-I.,J' ,~,-,_._,-.,..,-,-~ .1.", "",-(; oJ.I.. ~"-'-'r-

J:or!~::,t i..ithaut f:u!:c in[.~ ti-,is sl)~ci,}Sa The c:;(c:..:ir;:::."'Gior! of tl":.).;"J holes in

Ba::'Jakok in core~ection ~:ii...h tlli;::; utu.ci;-;: r,;"J(;:::U3(. tr:c':: [)l'c..jc~nce of a nu;;Jocr

of ,..,
o c-"' l ' lOto c,~"" ( ,':",, '1'Jo

cl, l """~ .~ o ';' ~ ) ""A n ..",.", ( . t ,, ( 1 -it } t ~-.,.,C-il-". "'tIcl, """ ..; -\..- -'..-'c,-J..c. ,,". .-.,,1. u .,.~. "J-.'..., --,1\- ...v"I') '.".

!'",,-i""" r "5 ,r'? lU '" ".,.. :';r:r-' L'~:"C: "'T"" Ui-j."' J"r-. )o", "'1',-1 ""-1..";""{'"' l'O ;(~ C C-' :-'.""'f1 0 ';' "" """ " -'- .~-;,.'-"" 1 '-' ' -'.v -v I.. -~,..u., ~_'. '" c..'_o ""-va
-,~--- -, ~ -'c--

" l ';'-' t 0 -::0 '..'1 OJ.." t ;~" c:n", c, ' ,c:
C() '."' C {"" < ' ;..~ -I- r "'c "' 0 ""'0 ;'1'1(' '

0 """\ ) ' )0 1. 0", 'j";""""~ ~ ,...,-,- .". 'J;." J.. ,. -,-.~ v,"' -,- ,,~ l1 .L~i:) '" '-..,1- , OJ o""""J.;

J." n 'i""11)1 "'~ '~ e r .-"'."-' f ' t .~". l.,,'~ 1~ '..".,y,. -' ~,."..,.-p,.
t ~ ""-7

C ""' lJ. " c "'+'" (c., "Va .4.11 J.}h.,J_ll;,., 0 1..", "(,.1.,, ,-,r~~t_, ", ~. =,,-,-,.1~U~, ,lC",.' Qi".:, c-;'v~

cant ;'! ) ' T"C;j~11"' 1.""!~ 1.'"' -I h" ( ' 1."i'" ") ,,J. '-'0 '- :",.-,;+l.,r On c ,." t :", f .' ct Jo~ -1"""""1' 1, ~..,~- "".11 ,-.v"'~,-.."'--'v , , '-- ._~,",'_.

i~-'t.o CO'.1Si..1,.,.,'",tion Contl"ol O-:'!' -,r':' ,-,...'-i ~... 'J:""'",l~ok J. ',. T>Q"33i'Jle U"J;"',~.,
--',-' '" ~. --,.., , .'V.- -" -,- ",-:.-- --"'.' I ~-~-..,

P"'( ) ,n-'n ""o.I'-~""?'" O.L"" "'-""":-'J.""""" ;"""":-'
ct ""

11 v"""' l ' ( : u ' l "" 1 "-;"';-','" ",co' ( ' l"
I ~' J-:'l CO Y1{"' Ol" ." 0-"", .._,-,,~ t..,-",.. iCO._w -'-"j-' -"'" I L,~. .". ' ~ ,~_.. ~ It "-Till ho",;"',rer l',c'u-i-i':'!' p; (-}- ""'."1"'~ 0"" ,)...,.,.,"or"""1'!:c, <.Ii2'" -'(,0 t'-,." "j clr.

., .'. "'~.,,' ,":".__J'~,:-.'~'J..~,),,--, --""'" ,"':':"" :' ","_v,.-.,
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seasoruil distribution and distribution within the city, onl~' ~ °ae?ypti
appeared to be of importance in the spr~ad of hemorrh3.gic fovero~o "v:Jhile
~ ~L~quefasciatus is by far ~he most import~_nt pest mosquito. species
in the city, its seasonal curve of abundance did not match th~ disease.
Furthermore, the proven dengue etiology of HF indicates !. ae?~1~~i as
the only important vector of the disease.

Conclusions: Hemorrhagic fever, a peculiar ~linical manifestation,
of infecti~n with dengue virus, is transmitted in Bangkok by ~ ~e~Tpti.
~ quinQuefasciat~s, however, is by far the most aburldant and bother-
some of the ove-r s~~i species o~ mosquitoes founq in the city. Q. q~inque-
fasciatus may possibly playa role in the tr~smission of chikungunya and
other viruses in Bangkok, but it is probably not important in this respect.
Control of these two urban mosquito species would co~tribute greatly to
the health and well-being of the population of Bangkok. Control of !. aegypti
is probably feasible using pres~nt methods; but control of-Q. quinQuefasciatus
would require extensive and very expensive engineering charlges in the city.
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