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Problem and Rationale:
 
In the narrow hilly eastern and northern borders of Bangladesh
 
as well as in the Chittagong Hill tracts malaria has remained
 
epidemic or holoendemic in spite of malaria control efforts.
 
The major vector of malaria in these areas is Anopheles
 
balabacensis which breeds in jungle areas t avoids lethal contact
 
with DDT coated walls and iS t in general, an outdocr biter.
 
The problem is how to control malaria in areas where A.
 
balabacensis is the major vector of malaria.
 

There are number of reasons to support research on the problem
 
of ~. balabacensis control. First t malaria persists in the
 
jungle areas in spite of twice yearly spraying of houses due 
to this vector: second, the area is a source of reinfection 
for the central lowlands of Bangladesh which are practically 
freed from malaria: and third, these areas are the last un­
exploited resource for development by the uopulation of 
Bangladesh. 

The investigator, Dr. Rosenberg, spent the years 1974 to mid­
1976 in Bangladesh in the A. balabac,~nsis areas carrying out 
research on control of this vector. -His-investigations lead 
to the conclusion that control of this vector might be accomp­
lished by a simple larviciding methodology in the dry season 
at the limited breeding sites of the vector mosquito. 

The Anopheles balabacensis range includes northeast India t 

Burma, South China, Thailand t Laos, Cambodia t Vietnam, large 
portions of Indonesia and Palawan in the Philippines. The 
development of a suitable larviciding technique for this 
mosquito vector in Ban~ladesh would have wide implications 
in the Asian area. 

Research Proposed:The purpose of this research is to de'elop 
and test techniques of a larviciding procedure for the control 
of An. palabacensis in jungle areas. The basic research on the 
biology of the vector has been reached as to how control may 
be a~complished. The past research activities on this project 
were carried out principally through the Bangladesh \falaria 
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Control Program staff. The Government of Bangladesh has 
approved of this res 'a~ch work and has agreed to provide 
support to the effort in the form of manpower and logistics. 
It is planned that a variety of relatively inert, non-toxic, 
and specific larvicides which have been extensively marketed 
and tested for years will be used. Product used in the project 
will be those approved by the EPA and used for mosquito 
control work in the United States i.e. Abate, oils, Fenthion. 
There are rn adverse enviromental implications for the research 
project in the experimental area. 

The research work will be carried out at the Chaklapungee 
Tea Estate in Sylhet District which was site of Dr. Rosenberg's 
previous research study. 

Research Objectives and Outputs: The work will entail development 
of a scientific con~lusion into a possible mosquito control 
methodology which may be use in a wide variety of Asian 
situations. The basic objectives are: 

1)	 to continue study of the malaria vector, Anopheles 
ba1abacensis, in the research area at Chaklapungee through 
surveys of the breeding sites, mosquito population census, 
mosquito collections, and malaria case detection in the 
population. 

2)	 to carry out mosquito control on A. balabacensis during 
the period from 1 April through 31 October 1978. 

3)	 to evaluate the results of the mosquito control methodology 
through studies relating to bite counts, reduclion human 
malaria incidence and numbers of biting mosquito which are 
infected, with malaria parasites. 

The outputs will consist of (1) increased basic knowledge of 
this important vector of malaria; (2) completed studies on 
the practicality of using the proposed 1arviciding methodo1gy 
against An. ba1abacensis; (3) a final report on the research 
work which will be use to other malaria control programs in 
Asia. 

Plans to link Research and to Utilize Results: If the 1arviciding 
methodology is found to be effective, the techniques can be 
provided to other Asian malaria control programs, the World 
Health Organization, and private and University researchers in 
this field. It will be written up for technical journals 
and discussed with health officials at the country level, with 
AID officers and the World Health Organization. Malaria 
conlrol workers allover the world as well as in Asia will be 
advised of the technique. 

Management Consideration: TA/H approximates the expenditure 
of 5 man days to develop the project and 8 man days to initiate 
information dissemination and utilization programs. 

Research Design and Methods: The attached proposal (Pgs. 17-22) 
contains the proposed study plan. The estimated budget is to 



-3­

be found on Pages 22-25. The resume of the investigator 
(Appendix I) and references related to this research are 
included in the proposal. 

Reviews of the Proposal:The proposal has been reviewed 
by Mr. Larry Cowper, TA/H/VBD, Mr. Ed. Smith, Ta/H/VBD, 
and Dr. John Scanlon, University of Texas at Houston. 

Each of these peop'J.e are technically qualified in vector­
borne diseases including malaria and are aware of the opera­
tional, management and technical implications of the proposal. 
It is their judgement aiter reviewing the proposal that the 
small research to be carried out would be of importance, is 
focused on practical field problem and, if successful, would 
have a major effect on the on-going control efforts against 
A. balabacensis in Asia. 

Reco tion: Therefore, it is recommended that: 

1.	 ou approve the use of Small Research Project funds 
in the amount of $14,540 for the work outlined above 
and described in detail in the attached proposal. 

2.	 That the contract for these studies be awarded to Dr. 
Ronald Rosenberg without consideration of other sources. 

Approved: t1h~ J. tL.1;,~ 
Disapproved:	 _ 

Date: OM. ~!~ If 1F 
iT • 

I ' 
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The Problem and Relevance of its Solution to AID's Goals 

In the large, centra! deltaic area of Banglcdesh, whe:c rice is grown, a low 

malaria endemicity 'lJi:lS maintained by the mosquito JI.nopheles philipoinensis until 

ex:ensive DDT spraying, sponsored in part by AID, began in 1962. Endemic 

malaria subsequently disappeared from this area but 10·..... population levels of 

ohilboinensisJ which also feed on cattle, persist. The narrO'N hilly eastern and 

hG..(thern borders of the country and the Chittagong Hill tracts are fo;-ested and 

here malari.3 has rer::ained epide::-:ic or holoer.demic (:ig. 1); tl1E: major vector 

Is the jungle mosquito l~::.ooheles balabacensis. This belt of endemic malaria, 

a relati·Jely small area, is worrisome for three reasons: First, malaria persists 

here in spite of !wice YE:crly hCilse ~pr::yings; seccr:d, the ere:a is a source of 

rein:ection for the cer.tr~ 1 IcY'Ila nd s now that most DDT covera ge there ba s cea sed 
I 

(S111C8 amalg3mation of most of t::e !\i~[:l~ria Eradic~tion ?roc;;ruP.j vlith the Rural 

He~ lth Sdhe::-;e in 1976); iJ:1C trrird, tsc.:': ".L~e io;", 36 .:1,;lddesh I s ~urgeoning popula­

tion, these forested ar€::d s are the: ~~ ~t L::1€.xpl.::;i:e': :csc'urce, gr0wir.g numbers of 

low-lancers wl1.h no in:rr.unity to mS~c:i(j go tr.2:8 ysarly for work, farml:1g and 

tourism (in :he Felll 0: 197:> a £cllci~~,.:::·",,:;:] :":-,.::l::':-i0. s-':'ide::Jic kiP~c: r.e::!"ly 2,100 such 
------~_... . 

The proble::-l, ther:, is how tv control malaric in the tills. The s'trut2gy 

of r.1alaria c0nt:cl h·:;re l':~s nec8£Sdrilj" e:r.phasize~, ever. de;:r=,-:ce:G 0:'1, cor:.trolling 

t!";e :no.squito ·..·0~Q:3; ~:.l: ::-.8 tc,.::tic of s}:::aying :-:O~3e interic:s a:j~ eaves v/ith 

DDT ;;as failcd to ir:terr'..lpt tr~nsr:1ls.sio.:1 in h:dabccer~.::is areeLS ::·0Cf.USe b.:'llabace::sis 

avoids l'2thal comac: wi.th DDT c03ted 'Nalls. 

In 1974., we jcir:.ed [j tsam :ro[;'"; :he NaUor-al ~\';alaria COlitrol P:cgram (Me?) 
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in an effort to define the malaria problem 011 the border and to explore new Wuys 

of eliminating it by controlling balabacer:sis. VIe conducted most of our research 

at Chaklapungee Tea Estate in Sylhet District and propose to investigate control 

methods at the same site. Our study, which included the first lor:gitudinal malaria 

survey ever done in the East India-Burma region, has revealed a number of peculiar 

attributes of ]Jalabacer:sis, some of ",;hich have a direct influence on its vecrorial 

capacity. O:1e of our fi::.dings may be of particular pructical importance since it 

suggests that at least in a monsoon climate larval control measures may be effective. 

Anopheles bulabacensis range includes northeastern India, B1.1fma, SOUd1 

Chi~a Thailand, Laos, Cambodia, Vietnam, Borneo, Ja va, SUE1C! tra I a r.d palawa n. 

In all these areas it is a :'1ajor vector of malaria, often chloroquine-resistant 

Plasmodium f.:!lciDcrum. Previous ODser'/ctions on belaDc=:c&::r.sis treading were 

done in Borneo ar.c lv!alaysia 'Nhich lie i!'1 the equatorial ruin forest belt south of 

100 latitude, "lhere rain falls l?quitably th:-oughout the yea r. Early observers 

thought it irr.practical to con~rol the larvae the.:-e because breeding tock place in 

large nurr.08fS of 3[I:a11 surf.:lct~ water accumulations per acre. \0"/12 ha·Je found, 

however, t!:~~ ir:. the 1:10nS00:1 forest, that region bet'Heen 100 and 28
ft 

latituc.e North, 

where we t,.vorkcd, that breeding to~~CS place in r::2:lY felfler breeding plac0s per 

ac:e, that b!'-:ed:.:,g places have sharplj' defined cl:awcteri£tics vlhich facili::cte 

their discovery, thut the !"lormal flight range of bGl~!;;2c:ensis is less the!". 3/4. :nile , 

ar.d that consequently i: should be possible to central the larval stages in a 1 mile 

defensive buffer zone ~rot1r.d a village at risk by focal chemic::!l 0; oil treat:T.ent, 

by removi11g ::he s:--.ace froJ:1 .:;rour:d b:eedinr; places, er by draini;.~ a~d fil 1i::g'. 

There dre cer.:ain cdvu:1tages to tes~ing such a program of centrol in Sa n:;ladesh. 
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a 1 pr 2 year trial can be run on the same site the longitudinal study was 

and can thus be evaluated for efficacy by comparison with 2 years pre-test con­

ditions. Second, there is a well trained, led, and motivated team of entomologists 

in the Ba ngladesh National Ma lade Control Program who worked on the longitudina 1 

study a nd are competent to carry out the similar control tria 1 with benefit of only 

periodic consultation from abroad. Third, a larviciaing program is inexpensive, 

labor intensive, and can in large part be organized and carried OUt by village leader­

ship, thereby compensating for the recel~t decrease in trained lowe:- level malaria 

personnel. Additional r~liance on insecticides 'NiH be small since ..::ontrol of one 

larval focus is equivalent to control of scores of adult foci (nou;5es). In :i13r.y cases, 

-.	 topographic alteration will prove as effective a s use of ins.;lct::'cide or oil surfacta nt. 

Fourth, despite the potential da nger of reintroduction of :nal·3ria to the 10wla nds, 

malaria is now a relatively minor problem in Sa ngladesh: 31, 247 positive sJ ides 

examined in 1975 :rom :1:ostly passive c'Sse detectio:1. Howe '/61', new control strat ­

northeast India, Our:T.a, south Chi.1.:!, Thailand an~ Inc:ochin:1: all of whic:: have 

the typical dry ""linter, monsoon cE:7late, r.i r;h13nc. .scils '/'::.t:-L low .::ley codent and 

, 
,	 , 1 ' , 'r -4 • 1. ; . 1 t.. •
DV	 ~c. .cDccenS1S unar.:.Ectel.O DV COll~/e:1~~onc: r:ouse sprav1.i1c:s, To :na rlj' of these 

•	 • • J 

rife, rl0uses n3'/e no walls to C.:: s;.rayec, and ~clc.~cc~nsis breeds in wc:-=r-fill-:d 

gem m:'::-2s, lar'Jcl c:·mroi seems Q logical POS.5:'~!G sclu::::;:., 
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cuitiva tior., a nd safeguarding the non-endemicity of the 10wla nds. As the rorest 

disappears, so will .o;nooheles balaba cs-nsis. There are, however, pos sibly 

serious ramifications of any type of malaria centrol in the hills: displacement 

of native tribes (e. g. Chakma, Mogh) by immigrating Bengalees and consequent 

social unrest; destruction of primary jungle ana its 'Nildlife; increased soil erosion; 

and population increase due to lO\\'ered infant r::ortality. ?\10st countries faced with 

similar difficulties resulting from the elin!nation of a disease threat, cheose to 

ameliorate, if not to solve, their pro:'le:r.s t.~rough legislation rather than forego 

improved health and p!'0sperity. 

A more immediate CO;'lcern is that the scmi-effica ciou.s immunity to malaria 

nat~rally acquired by people at constant risk is short lived, losing potency expo­

nentially cfter a::tige:-l clialler.ge h.:iCl ceased. Approximatel~, t'NO years in a non­

encemic a:"E:a is sufficier~t time to deplete tha host ar.tibcdy level to one of minimal 
,- --­

"­protection. Th~refore a r:.y s ucces sful control prcgra m must be established for the 

long term, ''''lith prov:.::ion fcr surveiEa:1ce and drug c!istricu:i0n p:ec:eaures to ::e 

Ie':t int,·c...t -::.£t.:-. .. --- l" - ··v ...... - ... ,::""";\?!"""\:r... .. i forus_ • .z'. co•.. .. r:,unit·/ 4_'reed 0.1.:: .""·::.larl'al.,.;.- ";;·::c"'-J..:ta.. ra '''.-'::'- ,'-'i ;;.~. - .. _ ....,·~ .... ..... .. -- - ."J 

and th en a llowed to ce re ~nfectec is ir~ fa r 0r~3 t~!' ca :lger t~a n it wa s before cor~trol 

t;,e tr:cl v:ll=:ge a: C:-15kl.:lf:un;:ce haS never beer. removed from the context of the 

l'!ationel t.ledCi!"il: Cc;;::·ol ?rogram. As C1cditior:al p:-eccl:!ions ell ere:; malari:: 

l 

surveillan:::e procedures during' pe:-iods v,'hen !he :nularia research t€:am ',"CiS not 

in resic:ence, both he 5nd ·he 18c:! garden Dispa:1sor are provided ""'1::-: ample stores 
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The pollutant effects of larvicidlng the breeding places of balabacensis are 

conjectural. They would seem to be, particularly on our limited study' site, negli­

gible. First, a variety of relatively inert, non-toxic, a nd specific larvicides have 

been extensively marketed and tested for years. Those under consiCleration for the 

future tria 1 -- Fenthion, Abate, Paris Green, kerosine oil, and Dursba n -- are among 

the safest. Second, the breeding places to be treated eire temporary, often artificial, 

and with a small biota of invertebrates; tadpoles arc the only vertebrate inhabitants. 

Third, the pools are unused in eny '!lay by man and do not run off into his drinking 

supply. DOlTI2stic and fer?!! 2nima Is must, however, OCCo sionally crink from them. 

Fourth, the natuf0 of this control proposal is to treat a few specific pools only 

within a 1 mile radius of a village at r}sk. ThesFJ are en inf:nitesimally sm\311 fraction 

of the tot.::l number ,')! such pools lying outside th,;) borders of controL Obviously, 

diffcrent terrains dFff:;cnt 'rorn Sylhet nct only mut' dictat9 r:iodHica ior.s of the 

basic larvici "ling proposal t(;st~~d, but may bE: afft-~cted in cifferent ways. 'We stress 

again that or,e e'iE:l.!ur:1 -ld',lantage of our t3Pl' roach is the possib lit:., of draining or 

filling sites as a "clee:1" al~err!(j~itJ8 to chGlr:ic;;l trs:!tl7l3nt. 

Scientific .u.~ot:cts 

The oDjective is to !:::st ~.Ie J :')othesis thc:t co.. ' rol of t:12 l<3;'v_l s"cges of 

Anopheles baJ.cbCiccnsis wlll control malaricl tran~ nitted by that mos~uitc in Bangla­

desh. The fonlulation of c n2'N :::p~ roach :s reqt.ired by the inefficacy of DDT interior 

treatn:ent to ir.ts-rrupt t:a nsrnJ.ssion; figur 3 clearly sholt'IS tii03t ir. our test a. ecl 

infectivity conti.!1ued to ri38 ufter '.ipraying. Inherent in our f1ypot!1c:sis are t:1E~ 

L....-==:-..-__~====---'-----=::==!!:=========-=--==-_=-=-=---=--=-=--'"""--~~~~ ---"__~--'.. I 



':'~ew per unit area, 

I 
I 

ass'umpti'ons that the breeding places of balalJacensis in Sylhet are peculiar and 

that we are certain we can find them all in a given area, that 
.. 

the ef.fective lifetime flight range is limited to less tha n 1 :nile from the site of 

emergence, and that weekly chemical treatment of breeding places is physically 

feasible. The hypothesis and its antecedents are based on f,Jcts established b~l 

us dUring 1975-77 in the same site· proposed for control. As :Ni11 be discussed in 

the followi:1g description of this completed work, the likelihood of successfully 

interrupting transmission is high. Should '.":e prove this basic hypothesis in the 

limited area proposed, more ex~ensive trials to ceter:nine altGma~e procedures, 

cost effectiveness, and feasibility for other regions would be warranted. 

Literature Review 

Less is known about the natural history of .;;ncohc:les D.:llab.lcer:sis tr.an ot 

:nost other impor=a:lt vectors of naIad.:!. There are several re3S0:1S ror t~is paucity: 

the mosquito's jungle habit;;! is rer:1c'j: ar:d uncomfcrtac-le to vtcrk in, its resting 

habits ere elusive, and its ta:,ono:dc status ::las, ur.til 20 yecrs ego, confused. 

rvrost i:n!=o:tc~t, r.owever, h;::,~ b~~~ tl:e belated f2cognit::on t:-:at h31(~bacer.sis is 

an impor-cm vector. CU!'i:1g ~he fir3t :-.alf of thj.5 C<2:1t'..!!'Y, U:1til the imro~u::tion of 

?urt~e[!-:10r€.', "1C::: ~he Second Viorld 

'Nar of Asi3!"~ forests by homE:ste=de:-s has i:1c:eas~c the breeding habitat of oa1';;::·'3­

vector is :ro::1 ;.orti1easte:-!': Indi.:.: by Clark ar:ci Chuuc.::t:r:,· ir: is':;l. 7\:e;·:~ c~mc 
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reports by Macan (1948) and by Kuitert and Hitchcock (1948) of malaria transmitted 

" 
by it to Allied troops in Burma. At about the same time, Mac Arthur (1948, 1951), 

r. 

studying malaria in northern Borneo, concluded tha t cont:-a ry to prevailing opinion, 

ba1abacensis, not An. mact:l~tus, was the vector in the interior valleys. He 

determined that the mosquito was breeding under heavy shade in small seepage 

pools at the bases of hills, but, because of inappropriate technique, was frustrated 

in his attempt to find infective adults. Ne'/ertheless, by careful epidemiological 

work, he was able to correlate the presence of calao<3censis br~edir.g with hyper­

endemic villages, tnereby implic'::lting it as vector. MacArthur tried to prevent 

larval development by dusting breeding places 'Nith Paris Green (this was prior to 

the advent of DDT). Thi3 approach failed, apparGntly because rainfall and seepage 

flow pushed the insecticide scum aside. He had more SUCC~5S in an attempt to 

prevent breeding by clearing the shade from around the breec.lir.g are<3. As measured 

aga inst control area s where the shade wa s left intact, larval densities in unshaded 

pools decrea sed. 

In 1956, Donald Cclless published a brief l:>ut serr.inal paper on the "le'lco­

sphyrus" group of Anopheles w~ich is e'/en toda y Cd sler to a mend than add to 

signiiica ntl y. Foremost, Calles s deter:ni:;~d tha ~ the II .~n(jQ::e11'.:' s 1e~cos'Chvrus II 

being incriminate:d with increasing fre~uer:cy as a malaria vector in Southeast Asia 

...,as in :act 1\iioohe.les halab,~c.:;n~is, S.:isas 1930. T~is ta):o;;omic clarificatio:". was 

essen:ial ::0 further researc~ because ba1a!:J2censis is ody onE of a large c;roup of 

br~ed!.n; ;Jl.=ce.s fo:, '.vhat is bcs:cally a rarG :cr~st i:iO.sql..:~::, t:':,;·reoy increasing 
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mala'ria. 'He thought that natural forest b4'eeding places were of limited importance 

in transmission. He discovered that elimination of shade did gradually reduce 

,	 breeding in the now s unlit focus, but that the bullocks tha t had sheltered under 

these trees, a nd whose hoofprints were a major source of breeding, simply moved 

to adjacent shade and formed new breeding places. Colless first observed that 

DDT residue greatly reduced the period balabacensis would .rest on a treated wall, 

larger catches of balabacensis during periods of early moon rise, increased lo..gevity 

during the wettest sea son, dispersed da ylight re.$ting on lOIN vegeta ~ion, a flight 

range of less tha:1 800 yards, and a L7l3rked preference for human blood. 

Si~ce 1956, there have been frequent and accelerating repor~.:; of balabacensis 

as a vector of P. fa1cbafum and P. viva;.: in Burma (Khin-Maung-Kyi, 1970, 1974), 

Cambodia (Ey-les et a1., 1963, lS54), Inconesia (Verdruger e: a1., 1975), Vietnam 
I 

(Powell at al" 1963), Malay Archipeligo (Montgomery a:id E~lles, 1963), ar.d Thailand 

(Young et a1., 1953; Sc~nlon and Sardhinand, 1955). The evidently copatric range 

.. , 1 • ' ..J' , , '...... I: 1 . . ~ " • • t'or oa.3c~cerlS1S an,_ cniCro~ull~e reS1Sd::nt. ~a_cqc::rum 1.:1 ."'.Slc :-las ceen :requen !y 

peak sOri.etim.:; be:ween 21GO c::'c 0200 :-:curs, cons:deralJle die,". has succc53iulli' 

fI.sic;n mcr:.ke/s (Cheor.g m: cl., 1955) cf.d occcsivnall:; :rom mO'1~e:l :c ~~:n (Chii: 

1 'or.-)et a •. , l_~") • --. 
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Although a nu:nber of investigators ha vc been puzzled by e spects 0: be la­

bacensis behavior thet are related to its breedi~g h3bi-:s, such as the disafpearancc 

of the mosquito from biting catche s during the dry monsoon forest winter (Is mail, 

1974), only one significant experir.:ent has been done on breeding since those of 

Colless. This study, by Rajapakska (1971) demonstreted tha-: be lacacensis eggs 

remained viable on r:1oist filter paper in covered petrie dishes for up to a month 

without hatchi:1g. fie re;orted that after addition of wa:er to tbese strar.ded eggs, 

an additiona 1 2 da ys were ::eeded fer hi:l tching to occur, thereby i;;.plyi:1g no adva n­

tage to a ter:1pc:-cry poel breeder. As will ~e discussed later, we have tested 

Rejapakska I S claim in 'the field witl1 somel,vhat dEferer,t results, which necessitate 

a much different interpretcHion. 

I;- l'S l-,c.r.=. "'~CCS"::''''''Y +0 ~l'~""S" ·:,o~·." f;"'·-~ir'-·<:' =",-""'. -. - ~'.':l~ "r:n·,l..,li"::;'l",d r-c'='nt.. .. .. '-._ J,,_ "- .... "'-.L "" '- ~,-\",.i. ~ .... l ... __ ... _ .....~_"' .. ':.: ..... ..... w.... 0.:;; ! ..... '" "'""" .~'-..,J.............. c::: .... 

wor:< on balabacensis ~reeding dor~e ~y us ir. Sangladesh. 3oi:~ d~9 ::<;:erimr)mel 

design of thet i:1Vesti~ation and the discov~ri0s CO:1::;c~'le;.'.: cf it are lJasic to t~e 

pro;.c S 51 ::.e C.C f..:; r2. 

7-,:-. c; _ ­

c::d 

~9 7S 
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Pa ra s itoloe:, 

Initially the entire population was censusod. This census, which lists 

every individual by l1ouse, name, family relati.:)r., sex, and age, also recordeld 

in each succeeding month his episodes of fe'iler and chills, spleen size (for children) 

drug history, births, deaths, ar,d nights spent away from ~he labor line. Every month 

a thick and ttir. blood f11::1 from nearly every resident was take:: end supplemer,ted 

quarterly by Ir.direct He:T,agglutinatior. Antibody titers for ::clci~a:-l!l.1 and vivax. 

Those found pos iti 'Ie were trea ted i:TllTlediat~ly wi.:l: chloro~:.lir.e, .:: nd, in the ca SG 

of vivax, wl~h pri:naquir:e at cO:1ver;tional doses: 25!":ig chloroquine phosphate/kg 

body weight to a maxixu:n 1500 r.:g on a 3 day sc~edula and 15 mg pri~aqui:;e/c.ay 

for 14 days. Briefly, the par2s1:o1oc;:cal S:.ln:ey :-e'v'2.::Jled ;) se:rj-i:nmu:le populatior. 

holoe:1der..ic ror malarl~. in t:-.e species r~:~o of ap::ro:·:i;;:6~2l~r 6 C2ses of fulcipa:-u::: 

to 4 of viva:·:. Thay a cqi.lired the!: i ..... :e:::!.or.s while a sleep 'Ni:~i:i :1:ei:- l1ouse5. The 

1a ~ ~ c -, ,.... f J~": - - .... ..- ~:.. VI ~ ~ c ..-:.:-, ..... r r;: : ... ~ •..; ...... ,.-.. c ; .. ; • "':~ : c·'" .... -, ~ .... i ... 7, '" "--, .: -'.- ":t~.. ~-- r~ t.,.... 0'; =. ~ -. ~ ~ . 
... __ 1 • ....,_ .0 : t::u._.__ .~ '--_~.~..J •• ~; __ .;"''-'-.J , _ _ _ .:..""._.~ .. , ..~.:~~_\,.". _ ••• _ .l.U , 

. . 
,..... ,. .-, ..::. ...... ,.72. S5G fo:: ..l~'/,J:.:. 2:-:d 9";. I;i~ .. .,J .. v· v. :.-~e 0::1:::-. 

'i' - "':,..:.... ­3.75c3523 ..... .:. ~,:, J~I.U 

- '~I....":) ,j ,. ~ ..' -..... " .., :c: ~. i """: ;".;, 
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one of the higr:.est natural tr.:::nsmission rates for malaria recorded £ror:1 anywhere 

in the world. As·can be seen from Table 2, in the i.':onth of peak infectivity, 

August, 1976, nearly 5 infective bites were received by each man per week. 

Breeding I>ma :n1cs and 81010Q" of the Ilector 

For the study of breeding dynamics and di.spersio:1, the site of the biti:1g 

catches, Labor Line #1, was taken as the center of a series of concentric circles 

(Figure 2). The area of the largest of these circles, ·Nit:-. a ;-adius of two m:'les 

(12.56 sq. i.t'.. ), I,':as the-roughly ex~lcred, :nuc~ of it ~raversed on SO yd. ;;c:rallels, 

during i::oth t:'e wet and dry seasons, all sur:5C& Vlc:ter mJpped ar.d 2a:::pled, and 

all'sources ever found posii.iv9 for lJJlacace::sis checked at least once every three 

days. ....Ne are cor.fident t;-;ct r.o si.te of surface IN3ter ir. t~is area !'las 2scc}Jed our 

attention, Ac.::itior.a lly', 'Ne hc ·v'0 r.ade s i:, e:~l:ens be co1l2ctio:-:s of 'No ter rro:n tree 

~oles (::1ostly less th::::-. 10' higr.), bc;-::.boo st·..::r.ps a:-.c. ir"~-2:-r.ode.3, c:,~d vcrious cther 

natural and artificial CCir:t5ir'.e: habitets. An. balabacer.sis ;.as been found only in 

pools. 

- ..... I""'tan':' ere::'11.'-0 

o Fourth ir.star l;:lrvae are ca:::a~L= of slJrvivi:'.g in :'.ature o ..~ :T:ois't soil devoid 

of ar.y- star.d:ng ',nlter for at le.::st 72 ho~rs. 

o la:v.::c -3;':; ~c':ively :::otile ou: of t:,e wa:er, p:-ogr2s3l:'.g for·.··5:--: on a rer.dom 
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mo\\~rnent is to throw a thin film of mud over the 2dvancing larva. An. bal~bacensis 

larvae suffer less from ant predation than any other spedes studied and possibly 

this mua coa t confers some protection when coming to res t after an unsucces sful 

quest. Larvae have been found alive in nature as long as 96 hours after bei:1g stranded. 

oEggs survive in nature on moist ea:th for et lea3t IS days. At 15 days, 60% 

of eggs recovered were 'liable, hatching within 4 hours of adding water. Some data 

imply that balaba censis rna y oviposit directly on vIet c::ud. l';L:.mbers of fully embry­

onated eggs restir.g on a muddy depression that is sudde:lly flooded by a monsoon 

shO'wer explain bot:'1 r.ow it i.:i ~hat we have :ecovered .:::lGul: ::al=bi"1cer.si3 in e:::ergence 

nets only five days after a previously drained pool was Hooded, ar.d the unusual 

synchrony bet'.'leen ~otal r.umbers biting arid percentage paroL:.s seen in :he biting 

R. "'~l'lts OF ·:;"e 'Oit"~""'g c~·c:" =0" "-u",,'s" 1':')7= ill·I,<:,:-,.~t.=· ~h;S ...a- .. ;",en·u'"'­catches. - - _ _ .- l..... • _..I.... '"'"......."... ":J ..... .., .. -' -..J _ \.. ....... \..i _ ....... .1c-~ -,__ 1 ~
 

menan (Figure ':;). .!\r;, i!1crea se in bitir.g der.sitj gener,] lly coi!:cided '/lith an increa 5e 

in ~arous ll;csquitoes, a::d :hese i!1crea ses c.:: :r.e G~ ;egul3r i:--,tc;;';als j e bout every 10 

Lct '.':C~I:::,..,. _ (l'Q.1~)..,/.\J :=''''U~-i,",,~::: i'"'r ;--;-.':l~_~ _ .. _v .. __ v :J.~_ ••• __ C'/C1~-• _I;,,;..:l. 

,,,",:""I ~l' ~r.J..- ... -.-. 

,.,,.~ 

lOll. ...... 
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newly emerged males and females rest on vegetation or preferably wet pond walls 

around the breeding site. Of the 157 of thc~e we ha'le exa mined, more tha n 90% 

of the males have completely rotated ter:nir.alia, and all nulliparous females have 

been uninseminated. Since our lcboratory observatior.s ir:dicate thot balccacensis 

terminalic make a 1800 rotation in 12-14 hours, this suggests :ha: a: the time of 

dispersal, all are sexually mature and that it is then, over the ~reading site, that 

mating takes pl''3ce. 

41 An. ::'clcbacensis 4th instar larvae ara carnivorous. They ora c::tiva seaver-gers 

of detritus a nd of dead a nd dying larvae u:1d adult ~losquicoes, both on the surfac2 

and on tl1e bottom. They also prey on healthy 1st cnd 2r:d inst.:lr :-.iosC1uito la:vae 

of other species (and possib'~y 'Cheir OW:1) uS \'i811 as or. ·Jc)riou.s nc:natodes. TalJle 3 

su:r.rnarizes sa'leral experimer.ts done to quantify their predatory behavior, using 

has been observed. :Most anophe:ine la:-'lac a~'2 ~ass:'/e fe<.:d(~rs, Cif.d t!1e signifi­

support ra;ic ·':'2vs:lc:::-::er.:. 

.... ~-,.,'..J_puddle with talatace::sis; 6::d, as C:H, '::e eX:Jcc:ed, '-i 
. 

,=_v•• 
, 

~ .. - I~"'" ­0: tiffi8 ~he poel ~I..":: •• '-"~ 
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effect. 'It was common in our emergence trap studies to see relatively large and 

heretofore stabile popula tions of bala ba cens is so decima ted by the introduction 

of Lutzia that all further emergence of ba1~1:::acer.sis ceased, even tl10ugh the con­

tinued deposition of balabacer:sis eggs could be dernor.strated. Twenty-four hours 

complete drainage, howev8r, 'Nould result in the complete destruction of the Lutzia 

larvae but none of the ba1cbacensis eggs and 0:11y some of the larvae. It ·....oLlld 

seem thar. that not .:In!y is baleb'=!censis w~ll c:dapted to life iro !emporary ;Jools, 

but that it derives certcin defi:1ite benefits :ro;:) their temporary nature, of which 

freedom fror:; I:J.tzia predation is probably oi'!l:; one. 

'Ne ~a 'Ie found t:'Clt -cne nightly biting cycle of ::61c be c~~is is influenced 

by UnE of moonrise. Durin;; t!1e perioc.s of First Q'.lurter ar.ci Full r-..roon, biting 

peeks bmh outdoors and ir:.doors at 2100 hours '.... i:11 :J S8C01:c., sr.:aller peak o-C 2400 

hours. Durii'!g'the pericds L~st Quarter cr.d New Moo:1, ho·:;·::: ...:e:", .31beit the biting 

cycle curve is nearly ice:-l:::'cal to that of early ::1cor:.rise, it is delayed :=,y t'NO hours, 

the firs! peak occurdr.g a~ 2.·~OO, i:he secor.d ct 0100 hours. T:-:ese :ir:.dir.gs thro','l, 

. . ... .. .... ..... - ... 
i.c.:cp '~!'"2S:1C3llj. _l,.. ~~ 
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Colles,s and, others support this deduction. Although considerable breeding was 

occurring 2 miles from the biting catch during the dry season, for instance, only 

3 balabacensis were captured in 140 nan-nights of catching dUring November, 1975 

through March, 1976. 

Parous females have been found resting around breedi:1~ sites only in the 

presence of newly emerged adults: nor.e have been gravid, 2 of 8 examined have 

been infective. On sb: occasior.s, we have by cha:J.ce collected parous fr:::rr.:=les 

bitir.g on ::lan in the jur.gle as late as 1130 hours, always ::eClr a breedi:1g place. 

This is well a£:er loca 1 peep18 r.3 va e~,t8r8d t;le jungle to work, .3 nd suggests minor 

daylight transmission in the rorest. 

""Ve hav~ discoverec thet ::'clCl.~er.sis su:vives the v:ir.r.er by ~nedinCJ in the 

rare perenr.ial springs c!'!d strearr.3 found in deep forest. "Ni:hin our 12 -1/2 sq. mi. 

area of study there is only O:1e such "pr i:::z=ry breeci:1q site": c sGries of springs 

that give rise to a sr::all 

desh. It is lecated in ce:1se jU:1glc and is the 0:11:1 pl~ce 'tli;er2 we consiste:1dy 

fin,d ...... cnl.-e"<:' Ip ..ns .... 'r.. l·<: o'r-cur;s) .:\.,.,.,.-,-,_tln~le,.- ",,:,:,,:.::;:--::,"'.('.".'.:;f-:: ',-.u-·s ~'\een fr,u.r:d 1'."', <:_fl'J,l.......... JoJ\- • ..;...,~- -'~ _.:-\~ __ •__ ' ",_ ... \. __ .u .., -v. ~
 

!=col.s ale::; ::s ::i-:ss. 

w:-.ere ~cols 2C:CC:-.G is i:1 ~:",e CO::1­
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de'termihed by the h.L1ly topography and the low clay cor.tent of the soil. The hills 

limit the area INhere water ca n a ccumula te and increa se run off, while the low cIa y 

content (12-25%) of the friable sandy loarr. found throughout the :ea growing region 

of Sylhet is responsible for rapid infiltration (or ~/ertic31 drainage) lJy standir.g \vater. 

Infiltration rates, as measured by the Cyli:1der I:1£ilt:o~eter :,letr.od ('USDA, 1956), 

averaged 6-1/4" per 24 hours for sandy gully bottom. Consequer:tly, to allow for 

uninterrupted development from strar:ded, er::).)ryon~ted eggs to ac:ul:s woulc: leq~ire 

a depression capable of holcling at leest 1 me:er of '.vater. In t::e C3se of heavily 

tru veled foot~aths tha t eros s :-.;::: i:ur::l1 depres sb:1s, S L:f:ici.:.--:: COr.1pa ctiO:1 of ~he lo\;,,. 

cla y content :0 form a pa n neady imperme.:: !:::>Ie : ..J wa tcr xa y occur. In these ca ses 

i:1f':'ltration a;;d eV3pcr.:;ticn ra~93 co;;:bir.ed ao·.'er3ge 1/2 "/do3j·, ~j;ereb:/ reCjuirir.g 

accul7lula ;:io;"3 of or:ly 3'1 to aIlc':: cO:T!plet2 c.:e'/o!ap:-::r::1:. r'J.r:her~c:e, st:.ch ;:uddles 

benefit f:orr. rainfalls of less r.t-an 1/2 II t:-:at w0l.11d f.Ct appreciably lengthen :he life 

of g''..l1l·3Y ~reeding pli:.: cas. 

-_ --­ha s ... l.. . 

• ...., ­:. '- ........ c.-:. ... - -.-. - ,.... I
 

C~.,J:-'" __ ..J 1;j·,1.~foot: pa::-.s, .. ~ • I. ....... .:: :;~S':e ·,-"ere a
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sources in the forest, obtaining thei.: bleod meals from p:!I;Jates (i:1ost often monkeys) 

that also fi~d these water sources attractive. Arlonheles balab3censis seldom travels 

more than 3/4 r.1ile from these winter breeding places and those that do stray farther 

will be unlikely ~o reproduce beca use of the sC<:lrcity of sur:a ce wa ter. At the 

beginning of the :nonsoon a number ef secenda:y breeding pIa ces will become a vail­

able. Those nearest the primary source will be first utilized, arid, considerin:j the 

rapid development of bala=acens!s immatures, farther secondary sources will be 

seeded qUickly alo::.g the circt.::r.ferences eZ inc:e~e::tally larqer ccncs:!tric ci:-cles 

whose center is the primary source. :;12 ~'~:1da;ios c!os€>st to ht.::n:::n settlerr.er:t will 

support the heaviest breeding, whll:; o"::"!8rwis3 sUitab.la sites i:1 the forest t!1at are 

(the rnor:kei' populatio:1 ir. th:s :::rec is a :r.:igratory troop 0: 15-20). It Ii,USt be kept 

in mind that br.del:ace:ls:'s'is a r:clat:'vely c~re rorest r:;osqt.:ito tna! reaches dac:gerously 

It is this phen­

offiena that makes the cCi:cept of ::reating o:11y a limi!Cd crea c::-ou:-.d a villagr~ a: risk 

logical a::d :e=5i:"1e. 

tial1, the same JS t::ose uS2d in ;:he :,ase ~i;;<? s~:.:dy of 1975-77. 
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on tne la1:>'or line. Except for window trap provisions and interior screen baffles 

under the eaves to minimize escape of missed feeding mosquitoes, the house is 

of the same material and dimensions as those inhabited by the garden workers. The 

interior of this house will not be sprayed with DDT, althoug~ th,::! rest cf the houses 

on the labor line will receive a sinc;le 2 gm/sq m coat in .t.;Jril. Siting catches will, 

for the sake of uniformity and comparison, begin at the full moon ~3ch month. 

Man biting catches are made by 2 men ar!':ied with flashlights and aspirators, 

seated on stools facing each other inside the house and a second pair siu-li.larly 

equipped seated outdoors IS' all/a'! ur.der a 6' x 6' tarpaulin. Catchi:1C; teams work 

..from a clock set at 18 00 hours for that da y' s sunset, as deter:nined from the 1978 

Nautical .l\lmanac for 20 degrees nor-:h latitude. T'/'o teams of 4 :r.en are used each 

night: one work s from 18 00 to :nidnight, the second £(0::1 :nidnight until 06 00. Indoor 

and outdoor tearr,s are ro~atec. on the hour. A night's ::-'itir:g catch cC!"'.sists of 12 

episodes of 4S mi.nutes umnterfuptec ca tchinc; ca ch, Ea ch cpi30de !::egins on the 

hour a nd all mosquitoes resti:1g en or biting either :r.e::1cer 0: the pa irs are collected. 

The legs, feet, a:-:-.1S a:;d heads cf ::::e collecto:s ar.:: kf: ~are. ::::.:1c:: st::tior. :.lSCS 2 

paper c:.:p cages ~er e~iscd8: c::e f~:r cu!ici:16 ~cs~l~i~o;23 c811ccte=' and u::e :or 

study. T:,e 15 r:-.i.::u:es of ~ach c3~d:ing hOllr ::m: cevotec..: t:> c[:~c:--.i;:q :5 used -;:0 recc:"j, 
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on site, previous hours ra infall, ,~vind direction a r..d velocity, percenta ge cloud 

cover, a L!d wet a nd dry bulb temperatures. (This data is a Iso collected every 4 hours 

during nOI'i-collection periods.) Also during this inter:nission wir,dow traps and any 

light traps operating elsewhere in the village are emptied. This parasitological 

monitori J a ctivi:y will require the full collection tea mI s Iiving on site for 2 weeks 

per mO:1th. 

The mosquito cor..trol pha se of the experirr.ent It/ill reC1uire tl1e twice w3ek1y 

activity of two men -- one to spray and Oile to supervise -- fro:n 1 .~.pril through 

31 October 1978. On the sa:r.e 2 d~ys of every 'lie-:k (e. g. Monc.ays and Thursdays) 

this team 'NiH visit each of the breecing places m~rked on t;le :r.ap. The area vf 

the irre'" r..S.Ol.:.l~Yi""" ''''11b::... 1- 1... o l lr:Oc::C',,",':Jj "h"'l\,. • il"'~-~:'-'- r3 • _.lJ·-,...""re,j"1"'~' __ J's"~_ . ~po ~ .., '- m_ LCC.:.U~, O. m;1::>-':.o.:J. U 

prior to each treatr:1ent each breeding s ita will lJe e:-:::! mined a r.d survivorship f:om the 

previous t:8atr:1er.t will be dcter:nined by dipping ane. si.evL:g. The ::u:r.ber and ider.tity 

O':a"'yeces1.1. :.:1 J __ 1"""1"''''C; , or";J""'-,"'-;-' '- C l'~,"r'''; "ri'll~:\,,_.1 _ r-·t..: '-'... \.,J-rc·::.~ 
rl '_"1-:.. ~::.<:':):"r'I-'::>- .. ..~. ~. •• _ ~ • It..;. 1. \". '- ... """ &.J t:., c·... L. 1•• ~.. .L. -:.. ~ o~~"erl/eal Shoulc. 

a site be drair.ec , it ':Iill be £c r:~;::rk.ed, but b\~ccuse of the ':iability of 3tmr.ded eggs, 

.:the exposed :7'lud bctto:n 'Nill ncven:hele33 be sf:r.:l:;ed i:-. -=nticip3tio:1 of ~l1e r:e:cr rc:in 

breeding in or:ly a few ~ools, tr:e certain:y prcv:ded by 3~ch (j',,'e:k.ill is necessary. 

:E::::'ca Cj' of the laf"la 1 cO:1uol progr=:n should a £:ec: a 11 tl1e rollc'Nir.g cha i1ges: 
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exception of human i:lCidence, monthly biting catches end dissections are imm.ediatel 

sensitive indicators. Reduction of incidence will :,e monitored in this study by 

gradual reduction in monthly prevalence. Because of delayed prepa "cent periods 

in semi immunes, chloroquine resistant falciparum, and the sporadic appearance 

in the peripheral blood of parasites in chronic infections, case detection and radical 

therapy are often delayed, causing this indicator to lag behind the others. 

Facilities, Resources and ?ersonnel 

Field operations will all :,e carried oUt at Chaldapungee Tea Estate, Chunaraghi: 

Police Sta tion, Ha:,iga nj T!:ai.a, Sylhet District. PIa nn~ng of da y-to-day specifics, 

logistics, and field opera'clons will be the respor.::ibility of !:he )..rcp Senior E:itomol­

ogist, N.? Mabesl,,'/ary, tNhd is r.eadq1J.3ft-2red in Dacca, ':J'.H ',vill reside '/lith the 

. i" t C' 1 1 rl . _., -1 .. ' ca t cn :1g ~ea m a ~ .'1a~_apungee _t.:.rlng Eelu o;.era .. lOns. ~,,:r. ),tahcswary collaborated 

on the crigir.al steely as 'Nell as 0:1 this ;::o:ccol, a r.d his futere dt:ties will be similar 

of the T;r:iversity of ?lorid::, ire::"'. :.·,·1~ici1 !12 c0t:i~ed ~ ;\L S. in emo:r:clogy 'N::ile on 

U ·, r' ::c"
"':!.o~,)." J.._ necessary on-tne-s!j 

cha r;ges i:: operatior:,s or ~~erso:,r.21 ',':it;; appro','al i:eeced :ro:11 G~ly thG :VIep Direc~or 

hi:-::3E:lf. 

II E~tornolo;)' :~c;'~::lcian.s II a nd II I::sec~ Ccllec:o:.s '11 



-21-


Most of these men, who ere stationed in various part:::; of the country when not at 

Chaklapungee, have been active in the research from the start, and represent those 

chosen over 2 years for exempla::r ':'ork -::Ind int::lliacnce. One of these men whose 

home is near Chaklapungee will act as larvicid-: Sp.3y supervisor. 

2) Initial sta ining and exa mina tion of blood films is done the da y a fter collection 

at the Thana MC? office et Habiga::j, about 20 miles distant. Results of this e:<am­

ination are used for inmediate the:-apy, All slides are then rechecked at the National 

Headquarters after return to ::Jacc3, In D::lcca, proble:':1s of ~arasite identification 

can be referred to t::e S8:1ior ?<3rasitolcgist. 

3) t.:l'ous;_. ng1 :0'" t\..o0.4_::i~t':'l__c; :; ol~_ j,O' , er.d insectary will be provided by... .L.. .~ ... '- la'co"- tory 

the manQge:mem of ~he Tea GarJ-an. Medical Jdvice is rendered when needed by the 

resident physiciiJn of a nei;::::,orir:g Brii:1sh-owr.ed garden. 

4) Tr3ns;;or~, a lal:d Rov,=r ar.c. drive:-, "',illl:e !:ire';icad bi' ;"~C? In the past, 

J 'n n T'- - 1.; .... " ~ .; ,.... 1 - • ~ 1....-4o ..s ;e.. _..., .. tie sr.O~.<_:1.:> ~ u.:>e~. 

in :v:a:-cn, 1978 :0 sat t.:p tr~e t::'al ::r.c ~o see :ha: it :t1~C:.i~::2 ~:cp2:1y, a~.d :Jg~ir, if. 

::-.'= :::5 

,.; ~~..::, ... - .... _-' .. ., 
~:: ..:..:::::-?::c. ::.: 
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Previous Funding: 

From March, 1975 to October, 1977 J approxima tely half the costs of resea rch 

were borne by funds allocated by NIH grant R07-AI-I0048 to the Johns Hopkins Inter­

national Center for Medical Research. The remaining half were from MC? Additional 

funds in the form of a stipend to R. Rosenberg were from )rIH Tra ini:lg Gra nt in Para­

sitology and Medical Entomology, 5TOI-AI-I00020. Because the JHU-ICMR will, 

beginni:lg in 1977 J be devoted only to diarrhea 1 and malnutritional disea se s, replace­

ment of the research funds are being sought from AID. 

Approval of the Bangledesh Government: 

Preliminary approval was given to the proposal by the advisor to the President 

for Health (Appendix II) a nd the ba sic progra;.:/ opera ting ur.der initial formal agreement 

with t.he government a nd supported by Johns Hopkins funds, is still in progres sand will 

continue to 31 Oc:ober 1977. 

3t.:.dcretarv Estimates: 

The estimated total funds required from .c.ID for the one year prog:-am proposeci 

is S 14, 540.00. O;:lj1 :'.:r.di:lg for or.e year, 1 J.5::u~r:' - 31 Dec2!7'.ber 1978, is estimated 

since the nature of any subsequent work will be de;:ender.t on :he degree a:ld type of 

succes s of the initial year. 

Cos t s ha ring: 

It is e;<pec:ed :::at the 3~ :1g1ac.esh Mala ria Control Progra:n will provide adequa:e 

trained personnel (as listed bele'N;, their r.or~~l base salaries; a vehicle for tr3:lSpor-: 

in a:-.d to and :ro:;l :::.e field s!at~o ....;; facilities, ;::acts and :-;:ec:-..J:lics :or :T.cjer ~!e:--.icl8 

repairs; examina:io:1 of blood :il::1s 1:1 Habiganj 3:,.d Caeca; a.-:d backpack spray a;:,plic 
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and other minor equipment used in their normal routine (e. g. chloroquine, primaquine 

stools, a spira tors). From the allocated AID funds will be payed the normal gazetted 

per diem for every man below the rank of "entomologist" plus an additional 10 taka/ 

day hardship and food expense; all petrol, motor vil, tire repair costs; all ferry and 

train fares; all costs of expendible items needed (insecticide, torchlight batteries, 

tarpa ulins, wire and cloth netting, etc.); all specially required non-expendible 

equipment (e. g. light traps); all necessary medical and drug expense of the subject 

population other than chloroquine and primaquine (e. g. Fansidar, c ntibiotics, emergt 

hospitalization); and all costs of day labor and refurbishment needed at the field sta, 

A limited emergency fund will be available for transport rental and other unforeseen 

exceptional needs. 

6 
Detailed Budget 

a) Salaries: 

Spra y la borer 64 cays at $1. SO/day s 96.00 

Daily pa id 1a cor, misc. 50.00 

b) Consulta nts: 00 

c} Per diem ar.d local travel: 
, 

N. P. Mches ...·rary­ 00 

R. Roser:nerg 90 days at $30/day 2,700.00 

A. K. Das, chie: tec~nician 112 days at $2/d~y 224.00 

14 :nen, 
2 

bit:Z1g ccri:ch tea:n 2,744.00 

Spra y .supervisor 64 days at 31. SO/day 96.00 



d) Travel. 

international, R. Rosenberg
 

Baltimore-Dacca, return; March 1978
 

Baltimore-Dacca, retuf:l; October 1978
 

local 

3
gasoline $2. SO/gallon at 50 gallons/:;.onth 

$2. OO/month
 

mo'~o!' oil a nd tire s $5. OO/r::o:1th
 

misc. repair, pa~s
 

emergency vehicle rent::.:l
 

e) Non-expendible equipment 

6 at $5. 00 euch
 

motorcycle b.:::t:·:::-ies 2 at $2 O. 00 eac~
 

fluou:escem light trap and oc:!ttery
 

misc. (e. g. r:lignifyi~1g gl::.:ss::s, enamel vans) 

f) Expendible 5t.:;pl.!.as 

5 ;"'0 -r0,-:) .. - ... .;_ ..... (-=- ,.... ~_ ~ _~ ..... C .. _v!L _._. '::;. 

g) P'~....,""'11'~'" rio__ ....~\",c C""" _.­v;jt.~ 

20 hot:rs a~ 

2, 000. 00 

2,000.00 

1, 000. 00 

16. 00 

40. 00 

250. 00 

300. 00 

30. 00 

40. 00 

123. 00 

2S0. 00 

50. 00 

l2 O. 00 

50.:0 

IS O. 00 

100. GO 

25. 00 



-25­

h) Shipping, ~ostage, and customs 300. 00 

5 
1) L'1direct costs 1,786. 00 

TOTAL S14, 540. 00 

Notes: 

1.	 The per diem for Mr. ?v1aheswary and. ot::er persor.nel a t the rcr.k of entor::oloC;is t 

or above will be borne bv M CP. 
o	 • 

2.	 Siting catc!: team consists of 12 i..Sr'. iro the :MC? c3'legor:es "'3n:or.-:olcgy :ecl1n!cian" 

and "1nsec-:: collector", one c.rive:, and or.e cook-sweeoer. 

...... ~	 Cur-O"t'4_~" P _ 1 ",J..-f"'U'-.. ..".~2 00 / -"'11__ n ....,·,t__ '- an ;"'c""'-"'e. -.:.~..:::l 1'5fl'C""S '-.w-...J I ":!{.,;. o .•.. ar.·;-;--t-°o·.l.._\"", ... :-'c ...... 

4.	 A small ~1.!.:J:lttty of·flour is given to each pe:sO:1 contri:'I.!.';i::~ a monthly ~1ocd 

specimen. 

S.	 Indirect costs to Jc:-:'ns Eop~i:1s 3c:-.oc1 c: ::1':;::=ne sr.ci rucHe Healt.:: for "sponsored 

trainir,g off c~mp1.ts" a:e 14% of s:lb total at (h), $12,754.00. 

6.	 Budget for eight months. 
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Figure 2: MAP OF CHAKLAPUNJI TEA ESTATE SHOWING 
BnEEDING SITES OF AfL.ba/abacensis 



I 

\ 
\ 
\ 

\ 

\ 
\ 

,
.

\~averJge balaLacerisis caught/night , " 

\
I 
I
I 
I
I
 

\
 
\
 

rna thly malaria prevalence in humans
 \
 
\
;
\
 ..y
 

o 

\ 
\ 

\ 
\ 
\ 
\ 

\ 

\ 
\ , 

A s 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

i 
I 
I,
I 
I, 

I 
I 
I 

t::;J J 

infectives/ 
~1~~l.--ni gilt. 

-0.7 
-0,6 

-0.5 

-0.4 

-0.3 

-0.2 

.FJ 

\"v
 
\ 
\
 
\
 
I 

I~ \\ 
\----\ ,'" 
\ 
\\/ }\ 
\ 

" \ .;1 I 
IJ\ \ /
 
\
I

I
I

\ /
/

\ \
..­
\./ 

.1 .. 1. I • \.: .t_ .._ •PTrt~·t·" I"'J l"""q / \

"
 

'0 

1 I:Lil-:11C:lit I 
I 

I

j 
/"- :' " /' ",. \ 

"- \
"

!Jiil ~.
 

""
I\
'., I ./ \ 
....~: 

__ • .J // \ 
~- {, s 

"----. I 
o loJ D 

1 975
 

f1
 
I J : , r n n n n 



Table 1: 
Parous Anopheline Gland Dissections 

(17 month's totals) 

Species Ku:":':ber NUr.1ber Percent 
Glands Dissected Glands Positive Infective 

a~":onitus 

annularis' 

burbiros~~ts group 

hvrcarus group 

ja~esii 

kochi 

12 

73 1 1.29 

2446 130 5.31 

1 

26 

3 

20 

30 

2 

.......
0-(. 

I, 

or 

176 

i6 

36 



---

Table 2 : 

Monthly In feet i vity Rates: r,lan -bit i ng Anopheles balabaeensis 

., of total % of parousIQ 

Month & Year Total caught ~I parous infective infective10 

1975 
March 0* 0 0 0 

April 8* 

Hay 94* 

June .gO 70.3 2.70 3.85 

July 294 71. 9 7.54 9.15 

August 525 74.6 6.67 8.94 

September 911 56.6 1.73 3.06 

October 703 40.2 0.43 1.07 

November 0 0 0 0 

December 0 0 0 0 

1975 
January 1'k 0 0 0 

Februa ry G* 0 0 0 

~'arch 1* C 0 0 

Apri 1 26 65.4 3.20 6.00 

~'~ay 330 22.4 4.90 5.88 

June 94 54.2 4.25 7.84 

July 957 69.~ 3.76 6.24 

' .. .., .. , .... ~ v·.... 
t\\J~..J.J\'" 311 E3. l ..,. ..' ..; 7.5 

-}.... -1
Septe~~b~r 154* l~I" 7. i 2 9.7 

Octcbe: :29 66.7 6.20 9.3 

, 
'.J,...,.(:.~,\...~.,.. 

I 
;} i)" .... , ''-401.'.J '- I ::J 0 

- -,-T07i:,~S ~, - 1....:.~ 61.3 ,;. I-t 6.05 

resu1r.:s of only seven all-night biting cat·:hes 
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TidLt:: 3 

Predation by.6!2. hc)1,:J:':1ccr.~i:.; ldl:"':'IC 

No. of live first in~tc.1r An. Vu!1US larv<lc su::"vi vir.'] ~r~ ;:;rc~c::cc of 5 fourth 

ln~tar· lurvuc of: 

Hour::; ba lab,,1c~:1sis b<1rhiro~t!"~s annuL3ris 

0 20 20 20 

4 11.2 20 20 

8 9.0 20 20 

18 8.0 20 19.25 

24 6.7 20 19.25 

46 2.7 20 19.0 

Avcrar,e 0; 4 triuls; cuch wc)~ d ~~t c·~· :hC' :h.=-ec ., th lnctar- s?<!cies 
dc-::c si.:nultancr..u~ly un(~0.r ick'ntical concit".~()r.~ in 3 l~" dia::,.ctec 
~tendor di~hes half fi:lcd with water. 



Appendix I 

PERSONNEL 

Proposed MCP personnel fer the larvicide field trial, Chaklapungee, Sylhet 

Time devoted to 
Name Post project during 8 mo 

N. P. Iv!aheswary Dacca Ser:.ior En'.:o!r.ologist 50% 

Aniel K. Das Dacca Chief Entomology Technician 50
 

Shams uddin ii.11med :Iabiganj Entor::.oloC;y Technician 50
 

Sha ja ha n Pu~::l ed Comilla " " so 

Serajul Isla:n Dacca " " 50 

Milon K. Gey " II 50 

.~c.ul ?0.an::.an Cox1s Bazaar II " so 

Subash Roy Mymons ir,gl". " " so 

Ra:=iudc.in .t..hmed Dacca " II so 

so 

II " 50 

Ra 17l!=·rCSf:cc ......... 
.:.. !.., 25 

s;eci::c 

ccl:ec:of, ! drive:-, ~r:d 1 eGc:":. 
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~ppendix I (cant.) 

CURRICULUM VITAE
 

Ronald M. Rosenberg
 

D~te of bi rth: 
Place of birth: 
Citizenship: United States
 

~ 

Marital status: Single 

..... 1965-1969 A. B., Zoology, Washington University, St. Louis 

1972 - date Sc.O. Candidate, entomology and parasitology, Department of 
Pathobiology. The Johns Hopkins University School of 
Hygiene and Public Health, Baltimore, Maryland 
Advisers: 1972-73 - G. A. Schad, Ph.D. 

1973-74 - F. B. Bang, M. D. 
1974-date - M. Trpis, Ph.D. 

Honors:
 
National Me~it Scholar, 1965
 
Ph i Beta Ka ppa 

Recent Em 10 ~ent 

1969 1972 Rasea reh Offi eel" for Soil s and Hard cu1tUl~e. Tonga Department 
of AgriculturQ. Nuku'alofa, Tonga (Peace Corps) 

1973 - 1975 - p.es2urch Assistant, Depa)~tn:ent of P.1thobiolagy. Johns Hopkins 
University School of Hygiene and Public Health, and Johns 
Hopkins International Center for Medical Research, Dacca, 
Bangladesh. 

ublicatians 

•Rose:nb"'rg rl I\~~m(.1 \ j.' ,. ~~ U.1 ·"~...,-,·r .:>" '" J 1., U'r'"\"(1 ) \I .r::) t\., '" .: . \. '/ ,I" 1 Ii I.,ooitol', \" v. J'. H 1977. ChloroquineI 

resistant Falciparu:i1 malari~ iii uaCi:a: the '':ii'51; 2 case reports from 
Bang1adcsh. 8ang~~desh t<ed~cQl JO:.lrnal (in press). 

Rosenberg, R., Maheswary) N. P. 1976. Chloroquine rasis~ant Plasmodium falciparum
in Bangladesh. Trans. Roy Soc. Trap. Ned. Hyg. 70:533. 

1977. ~ew discoveri2s a~Jut _;....c--..__ ..,.._.....,.-b~latace~sisAncoheles _ 

1<1 rvae SUCl,:}:S t n'::~'1 methods of contro i. ~:}-!O/V~C I :~or 1d Health Ct'gani za t ion 
.(1n press). 

1977. Chloroqine resistant P. falcioarum i~ a 
Bangladash tea garcen: Po"rt I. Epidemiology (in pl'eparntion). 

:::--oo::;---,;--:--t-;--:--_~:--_= 



Rosenberg, R. Maheswary, N. S. Epidemioloqy of chloroquine resistant P.t 

falciparum in a Bangladesh tea garden: Part II Breeding dynamics of 
Anopheles balabaccnsis (in preparation). 

Rosenberg, R. Predation by ~QQPheles bala~~censis larvae end its possible 
evolutionary significance {in preparationl 

Terrestial motility by Anopheles ba1abacensis larvae: its im­
portance as survival mechanism (in preparation) 

A nevi species of Toxohvnchites from Bangladesh. ~losquito 
Systematics (in prepa~ation). -

Peyton, E. L. and Rosenberg, R. A revised checklist of the mosquitos of Bangla­
desh. Mosquito Systematics (in preparation). 

Unpublish~d Intra-Acency Reoorts that have be~n cited 

Rosenau A. J., Rosenberg, R., IkJi'Jd, 1. 1972. Some Vaini and Lapaha soils 
of Tangatapu: Their classification and agricultural potential. 
School of Tropical A~riculture, University of Hawaii. (16 pp.) 

Rosenberg, R. 1972. Soils and topography of Niuatoputapu Island. De~artment 

of Agri culture, Tonga. (28 pp & mc;Js) 

1971. A reconna i ssance son survey of Ni ua FOQU r51 and. 
Departmen'C of Agriculture, Tonga. (38 pp. ~ maps) 
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1.	 Colli (R~td.) rol. H~ lIa.<4u ::) 0 

Moo~cr. Ad~i~or1 cou~cil to tho Pro~1~~t 

2.	 Mr. J. TOn~ro 

Chicf, USAID ?~coion~ t~c~a. 

,.	 Dr. ~~~ 300 n~n, 

~1iO Rcprcconta~i~~ to ~n~ln~esh. Dacca. 

4.	 Dr~ l-l~ ~.:lth1~~t~n~ 
vm0.. Dcc CA 

5.	 Drv Ibn03 Doont~r=~, 

W'JO. a D~co.u. 

6.	 ~~. R~ RV~ODb~~. 
Jo~ EO~!n3 Univoroity. D30~a. 

7.	 Dr. A. M. liU:Jtaqul au'l. 
Director of lloalth So~vice~ (P~o~e~tivQ)o 

8.	 Dr. ~::.hboob92" RQh=:.c..n 0 

Projoot t1recto~, 

Hclo.rio. Er.:ld1oat1on l='rogroJ raJo. 

9.	 r:.r. Ii. F. H~ocwn:j. 
sa:-..tor E~tC':lolGi:.iO t. 
t:GF 3o.nc1aciooh. 

1.	 T=-c n:LUlri.:1 Er~~ic.'lt. 1cm ?:-O~l"Cl::~ to ~ll)::c:]t t~ £ji: 

conth	 acti~!1 ,rOZ2":l;;z:a f~· intonoi vo l'.n ti-c~ar:ta of~ort:J 

alro~1 ~o~olop~d. 

2.	 To r1o;oouC/ cf!ort.:J 10 ~d:Jg th.J D~? :~cto:'j in Chi~t~ne 

c,or~t1on.=U. 

-.""'1 ... ,_., ....., " ... - ' ..	 ~~, .., I. 
u ~ • .&.._ _" ....-	 u·J _ .. • .., 



(Append i xII, COil t. ) 

Dr" l~tl;'~ r;,:~o ~i!rc::cr..t~tiv.: utl·').:J~(h.l tfle i::pcT't::mco ot 

COricic.1i::r:l~1: t!·.o !::al:.1ri~ oituc.tion nn 0 n:1tionc.l prcgra.":IDo. 
~.. '. 

( 

~t~ucturo till t~~ a~~~aiool of n~lcrin ~itu~ti~n h, a jc1~t 

rcv1:J'.t t·OCl!'.! in octob\:l"~ 1976 io cOII:;lctou and conCl"cto 

'Oil1 be icVlo:::ontcd 1:-J the I'r~Qont m'll.:lria otructuro. 

6.	 Routi~o l·~a~la Eraaic~tica activitic3 ~il1 ba c~r~iod out in 

tho~o ara~~ \T.lOrO ~231ia !c not Q p~cblQm i.o. thc whito 

are~~ in tt~ map oncloocd. In the aroen ohrar malaria 10 ~QO 

cor~idc~od aa a probloQ i.e. tho rc~d nod bluo ~rQn3 in tho cap, 

tc.o follili~:i~~ Bdditio::ul m~QOJ:lur{,;3 t1ill bo ca~ri"d out. 

6.1. D1"T.!~1 
..... t'ha 

Tho ~UZ C~lo~cquin~/A~c~ic;uino gill bo mQdo cv~il~blo in all 

t''iO vill.::.:ca o,nd :l11 tho fevor c~c(m ,,:i11 \;C aivc:l racical trc~t:?3r.t 

tz...,t.h tho cru£tl. If th<! cazcO nO"' fover Qc~in or if the 

ri~Gt tolloo-u~ of tho C~CQ 10 pooitivoo the p~tiOllt elll ho 

r:;ivo~ a noccllu COU1"80 of ChloroCluino/tt.::odUlquinG" If E.: f'n1£i n":1.ru~ 

rO~iGtUDeo ia idc":ltifiad or if OGcond rol1C".:'-up i~ pOOitiV08 t~on 

tho alte nato drue FOlwidar will bo u:Jcd. Tr..G uoc of Far..!Jicicl%" 

~ll bo li~tcd on11 to p~eble~ cunao to avoid dc~olop=ont of 

rcciot~co to tMs C!1Jrt. 

6.2. !nocct1c1d~% ' 
.....-:. : 

~hl;1n DDT 'bccC="Ja 0l'1C4ilablo tho G'pt"cyir.~~ w-lll bo corriod out
 

o;W.Ollf! 'tr.o 5 cll0 C;'Cil,O O{:u.rtil1C 'frCr.1 th:~ \1o!Jtorr:! bordCl'" of thB
 

rod (hypc~ onuc~iej o.~c~5·ana the opr~ing ~lll bo ~roeetecd
 

touCl.rda tho cQ.!J\:c·rn sl:do r.:!Jcn DDT bocor:Js ~cro C:i7e.ilc.blf3 c 1n
 

c~C't':I lloito~l 0.1"00,:} \?bc:t'13 /\no·ohc1r..o b~lotn.ct;)r.~i:.~ io 0. problca

............. , • L_-"-'-"'"
 

in c. C'::iiO r:.::l '\.3.'l it \rill DO r.OCO.3c=U-.)1 

to ot'tH.ly it:.. oi'~;icici.:c.1 in li::!rl.~()a L1:-C:tG. Tho u'':;c oZ HL1 

c;~latL::'(m ,;;',r.'.j bG {::;--lNt :b~ n \r;;l,+:J 1i:.:i ~'..:..~ (\ :·(,:j:·j~"'''·';:~:9-':i~:'lv'''f:.l·:7''li~~'1 ')1 



Department of Pathoblo1ogy 
School of Hygiene & Public Health 
The Johns Hopkins University 
615 North vVolfe Street 
Baltimore. Mar/land 21205 U, S. A. 

Control of Anooheles balabacensis by Larviciding 

Ronald Rosenberg, Sc. D. candidate 

N. P.	 Mahe.:;wary, Senior Entomologist, 
Malaria Contrel Program of Bangladesh 

sUbmitted 3 JUrl9 1977 valid to 31 December 1978 

duration of project: 1 March 1978 - 28 February 1979 

signature of Princ>.pal Co-Investigator· 

signature of Principal L1vestigator 

signa tu:e of .c~paltrnent Chairma n 
(for contrac:ing orga niz3tion) F. B. Sang, M. D~~ 

\. 

Human Experimentation PIa:1 for this proposal was approved for rene'Nal by the Johns 
Hopkins Comr.1ittee or. Eu:r.an Vo1unteer3 on 1 June 1977. 

This proposal has been submitted iro part :or funding to the Malaria Section, Southeast 
Asia Regional Cf£ic~. \Vorld Health Organization on 20 january 1977. 

t:np'~=i1shed crigir:al research is Included nerein :or puz:;oses of propo.sal e'l.3!L:at:or. 
o~J'I; any other us~ of !i:ese data reql:i:es specific permission of the principal i::vp.stiqato:-. 

,.-.. _... r.. "­
~	 \ ~ .. ,-", \ r­
.:: "<....... .,./ \,.:- '-""'----,,,-' ­.- _ - _. ... ' _..-:- --- . 



t. 

I 

, ­ .. ~ 

Department of Pathobiology 

615 North 'Nc!fe Street 
Baltimore, 

School of Hygiene & Public Health 
The Johns Hopkins University 

Maryland 21205 U. S..~ 'f 

Control of Anooheles balabacensis by Larviciding 

_.' 
Ronald Rosenberg, Sc. D, candidate 

N. P. Mahe,swary, Senior Entomologist, 
Malaria Contrel Program of Bangladesh 

SUbmittad :3 JU:1a 1977 valid to 31 DE:ce:nbcr 1977 

duration of project: 1 January 1978 - 31 December 1978 

r ­
: ~ 

~ ~.~ ./ 1.--'1 I 

. - I--'~' 
---:~-:----=::---:--~=-r:""':----

sigr.a tura of ?:inc1.pal Ce- Investiga tor 
Vila n 7' ..o~ - P~ D
1 • .:. •• ; ~.;), ,,' • ..-

I [I ' ,
1 t; I. 1 _ " ­

, l ..... _ ~ ~/ I -',. ,-, . 1signature ot ?rinci~al L1v~st1gator 
(( 

_~J------- .' .....--- '> 
R,ona Id ~os er.berg -~ 
" \,\ ,,-)

! ~ ./"!' , '\ 
,1' .J) ,-.... .. 
.. '- •• '_', J/J,,'" "\signa tu:e of iJ~?att!":'!ent C:Lainr.a n "'--,' .~ .. 

(for contr<Jc:L-:g e:qa ni::.3tio~) :" 8. Sa ::g , ~vI. D~~, 
" 

.- ... i i-I' h . 1 d . " h·'~uman u:?er ment.:!Lo~ r.:.c:! !Or tulS ~roposa was apr:rove ~or :enewa.L O~I t. e Jonns 
Eo""k;~s~._.4 Co--;t.. ~"" or.:':u••• ::: ..,,, 1""'-::1::> - 0 n 1 jU-.~.=.... __ •IC77.,JII.... ••• l ••••• _liW re·_ .•. o "-i. .... t.:_r.:» 

This proposal has b~en s~bmitted in part :or funding to the Malar!s Section, Southeast 
Asia R-=gicnal Cfiice, 'illodd Health O:g.3nizacicl1 or. 20 ja:n,a:y 1977. 

,·.' ..... t ..... ·l'~~~.....1 C~" .... lr"':=tl .. =-Sll*\-- .... ~ 1°-- : .... ,..iud-,-t·.... -"e ° 1"'1II .: .. -Ur-"OS-S 0: _"",~",,_,:\l ~H':\ll·a··o'"\., ••:---- .~ •• t::"'" •• ':1 ••• "" ._ r::c.,-" •• .;) ••• """. -;_ •• c:. l .. ~ .. 0. :J'~ ~.: ~ ~.lj~,",~~4 r:. ,,_.- \. ••• 

':::-.1:/; .~~·.I o:~~r U.s l cf :~t:S~ CZ:t<3 :"~G.ui:~::; ~cecif:':; ~~r~iS5:0r4 c: :!~= ~':i:1Ci~cl i:-.\/es:;c~:C:·.; .. .. ­

.•. .. ­:;":~." .... . .
 
,,-,..
 
..- ,,' "', .­

:..." .-..."....... .....
 '.:. -~------'-' .. . ." .... 




