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DSAZD VECTOR CQN"rROL PROJECT { 5 1 7 / 0 2 3 5 )  
F I N A L  R E P O R T  

The University of South Carolina (USC) , the ~cntificia 
Universidad Catolica Madre y.Maestta (PUCMPT) and the Servicfo 
Nacional de Erradicacian de la'Malaria (SNEH) signed a cooperative 
z@reemcmt in Augnst, 1986 to establish a Vector Control Project 
(VCP) in the Dominican Republic (Dl?). The purpose of the project 
was ta foster an institutional capability in the DR to research and 
test ecologicaliy and economically sound intervention methods to 
control vect -:r-borne diseases, specifically malaria and dengue, 
The goal Q; the Project was to promote a health9er l iving 
er~vir6nxaetl.e i f i  the country by inproving the nationts ability to 
reduce the incidence of wector-borne diseases. 

The University of South Carolina received funding in the 
amount of 1-5 nillion dollars to implement the USAID Vector Contra1 
Projec t  (YCP) far a three year period. In addition, host cottntxy 
funding (fL 480 monies) was authorized fn the anount of 600,000 
pesos. USC was responsible for administering these funds. 

This f ina l  report will s m a r i z e  the activi t ies,  
accmplishents  and obstacles experienced throughout the l ife of 
*be 'Pra3ect. 

2. Start-up of tbe project 

D r .  Hap Tidwell, Project Coordinator, arrived in the Dominican 
Republic in January 1987 after an extensive search far a qualified 
2ndividznal to fill t h i s  position. In September 1986, scientific 
equipment, office supplies and vehicles (in the amount of 
$163,343.00) were procured by the University of South Carolina for 
Project use. These goods w e r e  delivered in the Dominican Republic 
i~ Xarch 0987. 3ast c~untry funding (Pt 480 monies) , was not 
disbursed to the Project until April 1987. Since these monies were 
needed to pay locally employed personnel and for local purchases, 
these delays caused a lag in the implementation o f  the Project. 

PUGHM provided tenporary facilities for the Project on the 
campus j-n Santiago. SNEM also pravided laboratory and insectary 
space for the dengue work in Santo Doraingo. A permanent laboratory 
was constructed at WCHH and opened in May of 9989, Construction 
of the lab toox much longer than anticipated due to the delay in 
receiving PL 480 funds and the shortage of locally avaixable 
building aatarfa%s. 



The Advisory Cornittee, ccrrristing af mesbers f ron each of the 
cooperating institutions along w i t h  A I D  personnel, w a s  established 
early in the life of the VCP and net periodically throughout the 
duration of the Project, 

GSC fawlty  and outside consultants provided expertise to the 
VCP in &the foflewing areas: in-catlntry training (bath Sormal and 
on-the-job training) ,  the use and naintenance of spray equipment, 
safe use of pesticides, f i e l d  and laborra"torytechniq.3es of sampling 
nospitoes and evaluating control meascres, health promotion and 
coanmitp participation in &. a e m t i  source reduction, etc. 
OpeciaX assistance/training was provided during their in-country 
periods f o r  the VCP's candidates who were working on the ir  master's 
r e  . 3a total of 675 nan-days of consuXtation work was provided 
to the Project. An increase in the  nuzber of consulting days 
empared to that shorn in the Project Paper was necessary to 
provide an operational assistant to the p r o j e c t  coordinator to meet 
tae daily apsrational/abinistrat;ive needs during the increased 
act iv i ty  of t k c  extensfon period, Also, because af the frequent 
breakdown of some spray equipaent and Project  vehicles combined 
with the difficulty laf abkaining qualified local nechanics to work 
on the equipment, it was necessary to obtain the services of 
qualified mechanics fros the U . S .  

2.1 Belectian of Study Sites 

Study sites w e r e  selected based an available tec~rds Erum 
SNEX and preliminary surveys cartducted by Project staff.  

In April 1987, Ensanche Espaillat, a lower middle class 
barrio encompassing ca. 4 1  ha (100 acres) in the northeast section 
of Santo Dcmingo was selected as the principal study site. This 
site i s  representative of many of: the older niddbe class barrios 
~f the city. In addition, initial inspections revealed substantial 
populations of &.aeuvk~i.  he: majority of the dwellings are 
single story, c e m e n t  black constmction. As is typical of many 
axeas of Santo Doningo, water is provided to Ensanche EspailPat 
several t i m a s  a veek, There nay be periods of one to dour weeks 
when piped water is not available and ~ u s t  be 6btafned from other 
sources, Such water is stored aost comanhy in 55 gal drums which 
provide an ideal habitat f o x  be. &ggy&& Breeding. Hejoraniento 
Sccialn a nearby barrio with sisiJar characteristics, was selected 
as the second study site to conpars & aemwti, indices and various 
canlkrol interventions. A third but poorer barrio, Gualey, whickt 
i s  contiguous w i t h  E. Espaillat was also  selected for comparative 
studies. Cualey is characterized by snall voaden/tin shacks which 



?re densely packed- It is located next to the Rio Ozama. Open 
sewer d i t ~ h e s  cross the area and drain into the river. Additional 
areas were use& in Santiago for cornunity participation 
evaluation. 

I 4.1.2 ~ a e e ~ i n e  Data 

The ccljiectf~n of baseline data an the biononicc of &* 
Was essential in order to provide infornation that could 

be used as a basis for testing intervention methods. Baseline data 
#ere obtained using traditional nethods of estimating a. a e v t i  
populations as well as actual counts of immatures in water 
containers a~rd sweep-met saptures and b i t i n g  collectians of adults 
inside houses. 

Xn ax1 three areas, essential sater storage containers were 
the most numerous, and these represented a high percentage of all 
pasitive lafval habitats far Ae. m. Cement lined 55  gal 
dams are the m35t inpa?Xant source o f  nasquito production in mast 
areas andJ while the average nunher of larvae per drum was m o r e  
than $08, one dmxa w z s  recorded w i t h  approxin~tely 2 ,000  immature5 
of & a e m t t .  I: is estiaated that in many barrios, 60 
mosquitoes or ocre nay be produced daily fron a single premise, 
wore than 80% of these being produced in drums. This level of 
productivity would provide at leas t  10 mosquitoes each bay for 
every man, woman and child living in these areas. This high rate 
of  moscpiSu psaduetian (>O,OOB/ha) has also contributed to the 
surprisingly high nunberr cf mosquitoes found in approximately 20% 
af the houses. Pn a fPve ninute capture period by two workers mare 
than 200 a. a e m t i  w e r e  netted fro= a s ing le  dwelling, The role 
that these high nuPbers of nospitoes  may play in dengue 
tsansnissism is unknown (see Appendix 1). 

Researchers in Puerto R i c o  have found that a density figure 
of  4 on the international scale of 1-9 by Brawn (Based cpr a 
composite score o f  larval ind ices )  was associated with increased 
trantnission o f  dengue. Vector Control Project investigations 
revealed that the premise. container and Bretcau indices in 
baseline study areas were respectively 8 0 ,  SO, and 200 or higher 
which corresponds ta the n a x b  density figure of 9 or. the scale 
by Brawn, and as such, emphasizes the hi;h risk for dengue 
transnission , 

There was variation in the larval indices among the barrios; 
however, in a conparison of house, container, and Breteau indices 
with the average n-er o f  females per house (female density 
index), only the container indices were: s i m i l a r :  amng the three 
study areas on throe dates. mere was ncr significant relationship 
between adtilt d e n s i t i e s  and any of the three lama1 indices, This 
may have been due to the high levels of  ncsquito populations in the 
areas =asking any differences that may be present at lower 
population densities. Although sosle data is now available an 



lama3 indices in Santa Dcxinga ( S e e  Table 1 Appendices 1 and 2 )  
little data is available on the associated adult densit ies  from 
L k s e  areas. 

Stratification is the characterization of transmission areas 
using epfdcmialagicaP aspects as we13 as associated factors [e-g.  
the presence of streets to pernit access to vehicles w i t h  mounted 
spray equipnent) for consideration in control  programs. W i t h  the 
lack of apparent correlation of larval indices and adult population 
counts in high mosquito density areas, the lack rrf adequate 
serological .data and other factors. meaningful stratification is 
not yet possible, However,  a system for use as a guide to 
stratifieation Lor dengue prevention and control is presented in 
Appendix 2 .  In additfan a dengue research matrix is discussed and 
given in Appendix 3, 

Susceptibility tests w e r e  conducted on lama1 and adult stages 
of &.. a e m t i  populations from Santo Doningo using standard WHO 
~rocedures and k i t s -  Larval tests indicate that the populations 
bad signf ficant levels of resistance to temephos (abate) but not 
to malathion- The resistance to temephos is alarming because this 
is a safe insecticide that can be used even in potable water and 
its continued use could lead rapidly to a higher level af 
resistance, fn adult t e s t s ,  a high level of resistance was 
detected to PDT. The populations also had relatively high levels 
af resistance to propxtar, fenitrothion, and pemethrin, In 
acquiring insecticides for routine control or emergency use, 
findings cf the VCP an insecticide resistance of a e m t i  should 
be used as a wide. A detailed presentation of susceptibility test  
resu2ts 5s given in Appendix 4 ,  

Xn conclusion, consi9esing the high papulatiara densities of 
A e  a e m t i ,  the endemicity of a l l  four dengue serotypes, the * 
continuing use of essential water storage containers and the common 
occurrence of non-essential containers, it is considered IikeLy 
that Santo DomTngo wf13 experience a serious epidemic of  dengue 
w i t h  increased incidence of dengue hemorrhagic fever unless 
appropriate preventive measures are taken. In addition, a careful 
selection and limited use of insecticides is indicated in order to 
avoid =king the &, aeqmti populations even more resistant. and 
to ensure that the future control efforts result in some degree of 
success. 'Under the economic constraints existing in the DR, it is 
recornended that insecticide application be reserved only fo r  
perifocal treatment of dengue positive houses and adjacent premises 
sr in the case of a 6t3pe epidemic. (See Appendix 5 ) .  



Several nethods csf frrtemention for the prevention and control 
of dengue were tested in the study area of santo Damingo and 
Santiags. 

One  of the ~ o s t  pronising of the interventions tested was the 
use QE vehicle mounted ULV [ultra  lo^ voluzej and thermal fog space 
spraying. VCP staff evaluated approximately 30 malathion 
applications using these nethods, Due ts low initial nortalities 
dosage rates w e r e  gradually increased from 146 ml/ha (2 oz/acre) 
to 584 alJha ( 8  ozlacro) Female mosquito population reduetiens 
as high as 95% Q C G U ~ ~ ~  foUowing three sequential applications of 
584 ml/ka. I n  addition, morlaPities in themah fog t e s t s  as high 
as 81 % were recorded in bioassay cages placed in proteizted areas 
under beds, Better tesl results were obtained wit23 t h e m 1  fog 
applicatidaas thaw WLV. The perifocal use of space spraying 
tagelher w i t h  larviciding holds promise for localized dengue 
control but should be evaluated further under DR conditions. (See 
Appendix 5 ) .  

Another potential intervention that was evaluated by PCP was 
She use of aeriaj. application for the emergency control of dengue. 
The DW & 3 e m t P  eradication program was discontinued in 2962 
due to the deve9cpmesst of 1302" resistance in -is vector, and since 
#a* tizag political decisions have not  promoted the develapment of 
a continuous & a e m a  control pxograa. Therefore, if a dengue 
epidenic were Sa occur, reliance nust be on emergency control 
praeeduxeo- Santrs D o m i n g o  has been growing rapidly and since 1986 
the estimated nunker: of houses has daubled to more than 408,000 
smP?,5ch waald inply *at w i t h  an extensive epidemic the control 
appficati~ns oust be capable of covering large areas rapidly- 
Apart fron nass5ve ground Based resources, only aerial application 
could provide this type of rapid coverage. 

VCP condccted preliminary aerial spray trials utilizf ng 
behicopter and fixed wing ;.ixcxaft, Evaluation of the aerial spray 
reveaxed Xess than 50 $ nortaxity indicating that the application 
rates w e r e  too LOW. (See Appendix 63. Utilizing the same rate of 
insecticidal application, space spraying Exom vehicles resulted i n  
better penetration and highernaxtalfties than aerial applicationsc 
How&ver, in considering aeriaf application, the extant of the area 
to be cavered and/or accessibility of the area to vehicles may be 
a more important than i t s  relative ef  bsctivensss. In any event, 
p r e l b i n a r y  evaluations indicate that increased dosage rates will 
be require& 

Tor political reasons hlgher applfcaticsn rates could not be 
tested - H o w e v e r ,  it i s  essentiel that additional tests be 
conducted So determine effective dosage rates far aerial 
applications. 



During a pilot coraunity participation study in August 1987, 
a 5uney revealed confusion regarding the o r i g i n  of wosquiroes and 
the tzansaission of disease. Existing knowledge regarding 
nosquitoes is apparently a carry over fron previous infomation 
canpaigns against malaria. N o s t  people associated the presence of 
stagnant water vith nosquite prductioir and nabria,  but very feu 
associated the msquito larvae in the relatively clean water in 
sterage containers with dengue fever. Therefore most people 
believed the Zoci of nosquito breeding occu,-red uutsidc the hone 
(in the rrrrvirsrwent not mder their c o n t r o l )  . There =as also some 
ccnfusicn between aosquitoes shuhich occur in polluted water and 
e Fe2Xosing the preliminary survey, a L i m i t e d  
neighborhood education progran was inp2emented along with 
aistributgon ~f Xarvivorous fish and sack d a n  covers and 
infomatfon on their use. To auqzent the educatkanal assect, 
brochures vexe developed and distfibxteb at each hause to provide 
inf~rati~sn an the l i fe  q e l e  of & aecnmti and source reduction 
approaches. This progtazl was partially successful in increasing 
awareness ef dengue. and =any individuals took an active part in 
decreasing s~squfzo p s o d ~ r t i e n  on their premises* 

She focus of furure pragrazs should be on multimedia natianal 
csrjpalgns. Tfre VCP collaborated vi th S8m and the US Xnformatiun 
Service, Santa bsnings ta develop a TV public senice message 
regarding the association of dengue wit!% household mosquito 
production. This ;lessage was made available to local TV stations 
and i s  being broadcast& to increase public awareness of  this 
problem. Host af the c u r r e n t  knovledqe about dengue and nospuitoes 
kas been obtained 5ron thxs type of liaited national pragram- Even 
w i t h  the neighborhood cazpaigas which the VCB implemented, there 
was an a in fwo~3edge abou* dengue and noscpitodss and a 
de~rease in t5le nasqi.aita lama1 pogrul~t ions~ l?UCKM staff  i s  
continuing work on the use of cornunity participztion in 
controlXing Aedes aeewti. 

W o  intencnf  ion methods khae were co&ined v i th  the cormnunfty 
participation program involved the use of fisb and drum covers to 
control nosquito psa3uctfnn in water storage containers. 

Hoscgxlitofioh, and p o e c i u  were distributed in 
several barrios in Santo ZMztingo and Santiago, which had large 
n-ers of rater skorage &suns positive for mosquito larvae. 
Weekly e x a n i n a t  ions reve~ :.ed that wherever fish remained, larvae 
were canlxolled. Mowc~er, even though at beast one mettb3er of each 
househeld was given infarnation en the benefits of having fish in 
+be water storage d r ~ ~ l j .  by eight weeks post-introduction che 
majority of drxms no lcnger contained fish. mere were primarily 
C,hree reasons for the disappearance of f i sh:  1) fish w e r e  last 
vhea water was r e  2 )  fish were lost when the drums were 
cleaned; 3 )  individuals who w e r e  not aware of the purpose or the 
importance of the f ish remed the fish fron the drums. 



Subsequent trials iawo2wed t use of tf5apia in drums. 
Altbaugh ciZher fish was capable sf controlling sasqttito larvae, 
future projects should concentrate an h e  use of tilapia since 
these X i s h  renafned nostly in the battun of the drun rather than 
at the water surface like noqpitofish and, themfore w e r e  less 
fikely to &e reno'tted a~ciden.52ahl.y~ 

Avigcrous education progran should acconpany the distribution 
sf fish and vs~",unta,-). collaborators enlistea to distribute 
replacement fish and encourage participation. In a preliminary 
trial  o h  tbe use of ntlsquitofish, one such person took an active 
ificrest in producing and diseributing fish tnrougkwt h i s  
neiig~raso&* 

Conearrent w i t h  the di~trib~ti~n of f i s h  to households, a 
stuBy was conducted on the use sf nylon sacking material as covers 
far water storage +il.xwas te Bizit access to egg-Laying nospftoes.. 
A sufficient nunber of sacks ta cover all water storage dmns was 
grwvided to a ne;aber af each test heuse and their use explained, 
@oWe;lbs w e r e  efSactJva ia substantially reducing nssquita production 
in d r w s  w h e n  %bey were ~6nscien'"tiousPy empZsyed, However, the 
sacX covers were frequently PeEz off especially  hen the drum were 
empry ar near enpty end feazle nosquitces; cantinued ta lay e q p  in 
the druzas. men water was again ar3ded to the dmm, l a m e  WQUI~ 
devrlope. future distribution ef covens nust involve extensive 
education and f o l l w  up to be successfttl in long-tern reduction of 
oosquito nurJ5ers, Although sere substantial lid covers might 
elbinaZe morlquite produetion, tab?: cost o f  such cuvbrs say 131 
prahJb$Zi~e* 

An 4adBitiorral inkeraention ~ e t h o d  ewaltuated incxuded me use 
cf  the fungal biological control agest paeniclivm m n t e u ~  which 
was ix;rtroZBp~c& i n  55 gal water storage dmzs kn Sane0 Damingo and 
Sant iap ,  Results obtained were erratic, infection rates i n  soae 
drums reached X 0 0 %  wh5Be in others there w e r e  nb infections. 
UnfoPrSmateXjr the wor3c. using t h i s  bialogfcal control agent was 
Riswntinued per instru~Zions of local heatth authorities who did 
not wan t  to introduce srev arganisrzls in& the habitat. Waluatfons 
a: other b i a B q A c a Z  COAS~OP agents, eg. T B X Q T ~ ~ C ~ ~ ~  planaria 
and copepods were curtailed because of this sszle unwillingness to 
allcw the use of such agents- 

Pernearin was used against &. s k i  by application to 
53ow&oXd mrtaPnsm Un&er *be conditilrsrrs sf the test, the tn~sguito 
poplatian was not reduced ~Wfjcierrtly.  

A contingency plan for energeney management sf dengue in the 
Doainican Republfc was prepared in 1388 by Tonn and Fc'atenaan and 
revised by Tom 2989. E d i f i c a t i o n  and updating of M i s  document 
based on operational research findings was dona by VCP staff in 
X990, f5ee Appendix 7 ) -  



The g X a ~  notes that **although eaphasis shor;ld be pZaced on 
continzaus prevention rat%er than ezzezqexy seasxzses of Bp- 
geswtk. history has sh~k'25 that -this i s  not always pra~tfG3l".  
However, b e  inadequacy of ~ i p e d  TaZer and sol id waste rem~val 
sakes routine E O ~ ~ P Q ~  expensive and inefficfsmt, k i n i l s  regular 
ccntrol can inpede & aess;~%i popufariorts froa increasing to 
dangerously high levels, the pvqoss  ai eBargeny raeasues 2s to 
red%;ce rapidly a high gapukation thereby elixzinat~ag infedzed a d  
patantialXf: inf erehe ~osqdigoes a ~ d  temimting 0+ cdtiailing the 
fu,rE-iex spread af %he tiisease, 

Th& afereacat ioned plan provides a fo~ndazisn Poa dealing w i t h  
a potential outbreak crf dezgue is the Doninican RepubXic, The 
pivotal role of the Natia~al ce-~ittee for Control of Dengue 
Epid4Dics sheuld be @~ph8si;sad, The ~er&e:kkip S ~ C P U ~ ~  be blXZ2dly- 
based, including highly-placed represenr~rivcs 2 x ~ x  SESEA8 and mon- 
health depart~enzs and intsrna:iona$ mge~cies sa Lkat xestsurces can 

pulbad fron a l l  aarailnble sources when the need ariaas- 

The effectiveness ok an ezorgency system depends an the 
~apah=iZy to nsrsitor accurately tr,e change in 3ongue vims actsvity 
sr the in t roduct ion of a new seratype, In many barrios of Santo 
Wniag~ a& ~aneiags3, the density of &, ae-u io such that a new 
infeetian saurce is all that  i s  needed for an eq?losive suebreak 
to accur. The sitwat5an is probably also t ~ d e  in orher densaxy- 
s ~ T ~ I P , ~  ~(~531~ldt ion ~enzers. Tb~se involved in Ule work 0% the 
Vector Control Project are aware that tho dengue sunteillaacr 
s y s t e m  fs still In the ideyslagziental skaages.. SumeilLaxrcc data can 
be ased effectively ta trigger a trash vector control response only 
if s e m  cs 2Aea ion  is sde-ate qeogxaphicaltly and temparalfy, and, 
%he 5er02qy Zabaxat~ry f~ l-ell-equipped and well-manned so that 
L%ey can be retied ~ p c n  l o  do a speedy and accurate diagrrasis- 

Pn sunnary the recornenbarions for dengue control incXudc%r 
a3 Expanding the dengue surveillance system 
bj Provide rapid response w i t h  los=ali.zed perifacar treatment 

02 posftiye cast Muses and adjacent p r a f  ses wfthin X 6 9  
a, C~nplets coverage of L!is  area should be made with 
space spraying, lamisiding, and source reduction w i t h  
ezzpAasfs placedon connunieyeducatim andpa*is=ipatian, 

c) EvaZuake increase application rates and new materials for 
grdarnd as well as aerial space spraying for the emergency 
control of dengue. 

d )  EvaBuaze long kern control o f  B.a, ae- usitkg 
biologicals such asToxo&y~ch i te~ ,  copepeas, firngi, etc. 

el f l a w  greater e~phasis en cornunity education and 
par%PsLpatban programs fox: the reduction oT & aeamti, 
poguIat5.sns. 

Deta%Ted ree~raendati~ns for the emerqeaey control o f  dengue 
are  given in appzndix 7 ,  



4,2*3. ~sPac&ian of o%u&y sites 

fn July 1987. district cf Dajabon was selected as the 
primary study s i te  for aalaria \rectors. This district w h i c h  fs in 
the province by %ha sane nane, is located on t h e  northwest frontier 
wi%h Waitis area was selected because of the folSlowinq 
reasonsl: - it was cpne af the border areas identified by SHEK to 
be least responsive to nalaria control efforts. - it offers a 
diversity of ecological habitats suitable far the proliferation of 
aaophelinss, and - unpublished SMEI records reveal a history of 
inrseeticide xwsistaizce in pndbhe1e.s populations of the area- In 
aaCB%tidn, the area i s  accessible by road Ulroughout M e  year, thus 
enabling year-axrratnd field work, 

Soae work an nalar5a vectors was later done in Barahona, in 
the south-~s3sterpl comer of the csmtry, bordering on H a i t i ,  as 
well as in Elias PiAa, Saima and Santiago* 

Study of the bioncnics of arrophelines in Dajabon was 
accozplished using various oanpling methods and devices. Four 
species of &orJheXeq were encounter&, O u t  of 54,946 anophelines . 
identified, 78.2% w e r e  &. arbinanus, 10.1% were +: v-uennis, 
2.5% were &. csucians, and 0,11 were gn. gr&;inarn+k Rice fields, 
which are extensive i n  the Oajabon area, and animal. watering ponds 
were the main breeding sites used by the anophelines. The 
nosqaitws were also found breeding in irrigation and drainage 
ditches and Itemporary rain pools. 

S a d f e s  showed that the anophelines did not rest indbdrs 
during daytime (they were exophilic). Night-tiae ~~llections 
from corrals and aninal-baited collections showed that alL four 
species of anophelines were attracted to livestock. Obsemations 
on human-biting activity revealed that most of the man-mosquito 
contact took place outdoors in the early evening hours. During 
this tbe ,  nearly all the hunan population was outside due to tho 
stifling heat inside dwellings. Comparison of indoor and outdoor 
biting activities shoved that 77.3% of the bitas by M- albimanus 
were in f l fc ted  uu~dcrors. Similarly, 86,8% of tlhe bites by &&. 
vestfti~ennis accurPed outdoors. The peak of biting activity kg 
bath species was between 9 and 10 pen. Very little biting ocrmlTed 
indoors after 11 pen. The proportion of a. vestit&pennis, the 
secand most abundant species, was higher in man-biting collec+ions 
an& animal-baited net  trap capkures than in light trap samples. 

In order to deternine the potential role of the mesquitaes 5n 
nalaria transzaission, the* gonotraphic cycle, parity rates, human 
bload index and in fec t ion  rate with malaria parasite w e r e  assessed. 
The human blood iz~dldex, determined by direct =LISA, was 0.08 and 



0.12 f o r  a- albimarms and m. y.estit inennis,  respectively. Wuble 
antibody or sandwich ELISA was conducted on 21,952 specimens. As 
a result cf the tests. 2 salnpxes of pooled (ca. 5 speciaens/pool) 
and 11 s ing le  s p e c i ~ e n s  of @. albirsnus, 1 single specimen of &. 
vertitipenais, 2 samples of pooled m. crucians and 1 sample of 
p w l e d  grabhamii w e r e  found positive for 2. faleiparum 
sporozoites in prelininaty tests conducted at the ELISA laboratory 
in Santiaga. Eventually only 5 s i n g l e  s p e c i m ~ s  of m. albimanus 
w e r e  confirwd positive. One reason for the failure to confirm the 
others may have teen antigenic deterioration due to thawing out of 
frozen spetimens while in trans i t  from the Doninican Republic to 
the United States s ince  dry ice van not available. The vectorial 
capacity of plbimanus and En. v e s t i t i p e n n i s  was determined to 
be 0.19 and 0,005 .  

In the Barahcna area, & a l - b m  was again the most 
abundant species but unlike in Da j abon, Bn, cmcians was tho secona 
nos: abundant species. The najcr anopheline breeding rites were 
found to be %he main sugar cane irrigation canals which w e r e  choked 
w i t h  vegetation causing the water to nove slovly. Praper 
msintenmce of these canals vculd be an effective source redtrctkczn 
measure - Details of baseline data on anuphelines and their 
analyses are gjven in Appendix 8. 

Susceptibility tests using the World Health Organization (WHO) 
test  k i t  and procedure were conducted on $1 

I .  

bimanus and &. 
v e s t ~ u w  in Dajabon. The forner  specie^ showed relatively 
hiqh levels of resistance to DDT and pernethrin. 30wever. it was 
found te be susceptible to malathion, fenithrothfon and propoxur. 
a. vestiti~ennis was also significantly resistant k6tt. DGZ' but not 
to prcpoxur (see Appendix 9 ) .  A high ihlad 02 zeristanee to 
permethrin was also detected in An,  albinanug populations in the 
3arah0nb area. 

In conclusion, based en the findings of the study conducteS 
in bajabon. w h e r e  breeding sites are abundant throughout M e  year, 
residents spend long evening hours cn';doors, vector/man contact 
occurs mostly at peridonestic sites, the anophelines that enter 
dwellings do not stay there for long and the two most abundant 
species are resistant to at least two insecticides, it is highly 
un1ikeI.y that iindcmr spraying, especially using DDT or pyret?~roid 
insecticides. will provide satisfactoryprotectionagainotmalaria. 
The situations in Barahona and other studied areas also lead to the 
same canchusion. 

A computer-based data recording and processing system was 
developed and instituted to replace and imprave the manual system 
that was in use at S N M .  However, following a discussion in which 
all concerned including an AID representative participated, the 
computer equipment was placed i n  the computer services unit of 
SESPAS. A progras for  entering and processing SNEn data was 
developed and discussed w i t h  SESPAS computer services persannel sa 



that  it could be inplexented without difficulty (see Appendix 10). 

ft was net possible to perfom an actual stratification of the 
DR far malaria control purposes because of the lack of information 
on a l l  the factors required for such stratification. H o w e v e r  a 
discussion of the concept and a listing of the factors required to 
do the stratification are presented. Utilizing the recently 
es'tablished conputer data recording and processing system and the 
guidelines f o r  stratification that are provided, SNEn now has the 
capability to acconplish the task (see Appendix 11). 

A milaria matrix to be used as a guide far action in malaria 
control operations was developed, The matrix serves as a decision- 
making tool. i n  assessing the nature of malaria transrnissicrn and 
endemicity, as well as vector bionczics, to help select alternative 
intervention neasures . Details of t h e  natri: r re given in Appendix 
12. 

~ 2 ~ 3  Testing and evaluation of internentian nethods 

The application of Bti granules to ditches vi+h Bno~heles 
larvae was found te reduce larval popularions. Hgwever, within 48 
b of treatnent neonate larvae w e r e  calXected from treated sites. 
These trFal+ indicated that Ano~heles are susceptible ta Bti at 
recamen&ed rates but i s  short  residual action would make it 
nccessaq ta apply th i s  larvicide every 7-14 days. 

Results of thernal fogging triazs in Barahona using malathion 
have sham that there is an inmediate inpact on the population of 
anophelines. In cases of inpending or actual outbreaks of malaria, 
therefore. malathion or carbanam insecticides can be used as space 
sprays (;Mema1 fag) in a s  external enviroment since no 
resistance was detected to these insecticides. application 
should be made in +he evening when the loosqui+oes are foraging, and 
can be repeated every 3 days for as long as necessary to inter,upt 
malaria transmission. 

A+-zordingly, the recomnendations to be made with resfact to 
malaria eantxoJ. include: 

(a) Temination of indoor spraying 
(b) Ezaphasizing case detection and timely treakant 
(c) Source xeductian where feasible (as in Barahana) 
(d) Thema4 fng.gfng in case of an outbreak using 

arganaphssptsru~ US ccxbanate inse~tf~ides 
(e) Conducting further operational studies to improve 

app1ic21kbon keehnipes,  to evaluate alternative 
measures, and provide cost e s t i m a t e s  fox the selected 
m e t h o d  js) 

Detailed rscat:mendations for  nalaria control in the DR are 
ggven i n  Appendix 33. 



The insZitxxtiana3 strengthening of PUCEB and SNEH was 
acco~i3pPl.shed f n the Zo1305;ing w a y s  : - establishment and equipping of laboratories that can be 
used for the study ci arthropod vectors of diseases and 
their control; - devefopaent of a cadre of workers xith f i e l d  azd laboratozy 
research skills within bath S h i  and PUCMM, with hanas-a~ 
experience in sumei21ance, laboratory and field 
implenentatio~ of control and evaluation measures as well 
as Sang and short-tern training; - the creation and f astering sf inter-institutional 
c~llaboration between P U W  and SNEH. Such collaboration 
was weak at the beginning, but has improved substantially 
since early 1989 when a new director of SNEM was named. 

The PIJm has given good support to the Vector Control Project 
and has made a11 efforts to benefit from it. The medical 
entonology laboratory and insectary at P U M  3ave already achieved 
a highly functional state. The Xaboratory i s  equipped uith 
facilities to perform various entonological studies including the 
4etection of sporozafte antigens in masquitoes using the double 
antiboey sandwich ELJSA ac well as nosruito blood-meal host 
determinstien by the direct ZL:BA. The laboratory is equipped with 
a computer that can be: used to record, process and analyze data 
obtained fran ficld and l&ora.t;osy research. For accomplishment 
in manpower development sea undzs TRA;rHTHGrgl 

Early in the Lifc of  the Project S3ENgs role in Project 
activities was weakened by the lack of stabil ity due to the 
frequent change of Directors an8 other senior personnel as well as 
the failure to identify one person %a work w%kh .the Praject 
Coordinator. The capability of SNEM has 5een upgraded through the 
participation o f  many of their technical personnel both in the 
malaria and dengue surveillance and control act i - i t ies  of the 
Project. As a result, SNEM now has the ability to carry out such 
operations on its o m  or in collaboration w i t h  PUCMM. For example, 
6 SNM personnel w e r e  involved in the collection of &g..a.e9vx)ti 
baseline data as we31 as the application of control measures. They 
were also responsible for evaluating M e  changes in the pte-and 
post-application population levels of &. a e m t i ,  as well as the 
ef fec t  of inseetfcide applications on -gee naosqeittoos. Under the 
1eadersh5p nf the new director, major progress has been made by 
S N M  in improving comunicaticn and developing close collaboration 
w i t h  ZX3CM. and USC* 



The P r ~ S e c t  fapar inczlr~Ged soae unrealistic concepts and a 
number of unattainabie targets I'ro be achieved in the l i fe  af the 
project. For cxanplc, as pointed out by both the mid-tern and 
subsequent eva'iuatioa teans, the breakins up of *2i'te "three--year term 
of the Project into four shases and compartmentalizing operations 
by such phases was not strictly fe+s ible  because biological 
phcnuaena frc l l trw seasonit,l cycles and cannot be binited by man-made 
timetables, Another exazp3e is the stipulation that *he P m j  ect 
was ta test 6 nethods of vector cuntxol. Again bcCh evaluation 
te- h d ~ e  pointed out the futility of such pre-determination of 
the n&ex a£ methods to be tested*  fn anather instance, ft Was 
slated that z i*~aasurab2e reduction in incidence of malaria and 
dengue feverm would follow the f~plenentation af the Pro5ect- 
WLthough the long-tern impact of the Project may produce such a 
reduction, this was not a specific objective as t h e  actual ccntxal 
of rnalari~ and dengue is t h e  responsibility of the National 
Directorate sf Health 2nd SE'EX. Another discrepancy wss the 
requirement that W O * ~  an &. aesvpti and Anopheles mosquitoes be 
cslrdwcted in the sane areas. T3is was n o t  a feasible propasition 
considering that nalaria is prirsarily a rural disease while dengue 
nainly occurs i n  urban areas. 

An i z p e r t a n t  point t h a t  xas not anticipated was the lap tise 
between the stateside purchasing of eqdfpnent, stlpplkes and vehicle 
paxts and the delivery in the Doninican Republic: delivery took as 
long as four nan.:hs. In addition, a ir  shipments a f  replacement 
parts were stolen when they arrived in Santc Doningo which resulted 
in efienGed delay of projeck activities. An~ther problem 
encounkered t;&s the shortage of qualified mechanics to work on the 
spray equipment and vehicles and as a result,  sme spray units as 
we11 as project vehicles that were crucial to field operations w e r e  
inoperable for extended periods of t ine  thus curtailing field 
activities, The evaluation of focal fogging for malariz: xeductisn 
and the selectiox of aptimal insecticide application rates Zar 
dengue control could not be cazplsted for  t h i s  reasan* 

The delay in the disbursement of PL 480 monies hamperec3 the 
operation of the Project 03 zany uccasi~ns. As mentianed, the 
first allotment of PL 4 8 C  funds was not received unSsiX April, 5987- 
As a result, field trsvel by Project and SNW employees for work 
an malaria and dengue could not be undertaken as scheduled. The 
Project Coordinator had to fin3 noney from other sources in order 
to fund scheduled field act iv i t ies .  Since PE 480 funds w e r e  
unavailab3e to the Pzoject or, a tiaely bas i s ,  completion of the 
Project laboratory tcok much longer than originally anticipated. 



The Project did not encounter ma jar pxoblens in its relations 
wikh PUCXH. HoweverI a ncare cohesive interaction between PUCMH and 
SNEH in the Pxajectws infancy would have been beneficial to as1 
parties. 

During the life of the Project, SNEM had five different 
directors and 7 di f ferent  senior officers, T h i s  Lack af stability 
was a hindrance to collaboration w i t h  that institution- Toward the 
end of the Project, a new director for SNEM was appointed and a 
close coll.ab~salive rehationship war es tabhi~ fred~  However, in 
spite of the SNEM Director's enthusiastic support and 
participation, the unexpected departure of t w o  key SNm technical 
officers during the extension period resulted in a shortage of 
personnel. and as such, had a l imit ing effect on the testing and 
evaluation of abate, the development of a continuing SNEM dengue 
~osl t ro l  program, the denanstration of small scale source reduction, 
a;ld SITEM involvenent in c a m u n i t y  education and participation 
psqrapias, 

To develap the capabiliry of the scientiffc and technical 
manpower of PrJm and SNm, a variety o f  instructional approaches 
ware used- The main training neehods included on-the-job training 
not srBy for SNEM field workers aria technical staff but also for 
the three maszers candidates as well. In addition, in-country 
short courses and out-of-country courses in the United Stakes w e r e  
a150 provided, As was pointed out in the contingency plan for 
emerqency management of dengue (which would apply "to malaria as 
well), no plan of action can be deveraped without continuous 
training and research to ensure. proper selection and i~plementation 
of actions, 

A t  lea& 6 malaria technicians from SNEM were invckved in the 
malaria f fe ld  and laboratory work. This has enabled them to learn 
f i e ld  sampling techniques using various devbces and m e t 3 m 4 s .  fn 
addition, the technicians had the opportunity to learn 
identification procedures for pna~helas mosquitoes and to recognize 
their breeding habitats. In the f iehd laboratory at Dajabon, staff 
have participated in dissections for parity determination as well 
as conducting susceptibility tests to determine the level of 
resistance in &noahe%es aosquitoes. In the main laboratory at 
Santiago, PI;tCMl4 faculty and technicians have been given specialized 
training in the use of indirect ELISA to detect spcrozoites in 
msquitses and in the use of direct E'J;TSA to determine the blasd- 



m e a l  source of engarged nosquitoes, 

Although the nu&ers varied fron tine-to-tine, approxiaately 
6 SNEN technicians were direct ly  involved in the wark on &. 
aemmti carried out by the Project in Santo Doningo- These 
technicians have lilastered methods of sampling Ae, aeqvoti eggs 
using ovitraps as well as sanpling laarae from intra- and 
peridomiciliary water containers, Regarding adult sampling, the 
technicians have used aspiratars and aerial nets. The latt@r 
procedure was developed during the course of the Project, T h e 
participation in tbe application and evaluation of &. s e a m t i  
control tneasures has provided another learning opportunity for the 
technicians. They have developed the capability to carry out 
fogging and ULV applications and to monitor the effectiveness of 
such measures by exposing mosquitoes in bioassay cages and by 
canduering pre- and pose-application net and b i t ing  collectians and 
egg surveys. Sulicroscapes were located in the la5 space provided 
~t SNEX and the technicizns were g iven  training in the 
identification and dissection f o r  parity rates in a. aesmti, 
They aPso took part in the establishment and maintenance of an Ae. 
aewpti colony. 

7 - 2  ZP-country s h e ~ t  courses 

In-country courses included a diversity o f  subjects ranging 
fran basic applied operations and safe handling of pesticides to 
nosepito taxonomy, epidemiology and co7.1trol of epidemic dengue and 
health education and cornunity participation. Courses were offered 
to SNEM field workers, students, and military, medical and ather 
health professionals. Fourteen in-country courses were provided 
fur adre than 345  participants, A Listing of all courses given or 
sponsored by the pxoject 2s p s ~ v i d e d  in Appendix 1 4 .  

?,3 Out-of-country short courses 

1 n 1987,  4 aenbers of SNEM who participated in the wark of the 
Vector Control Project attended a 10-day course in Spanish entitled 
ttBiononia e Irrdentif icacion de Mosquitos de Importancia en Salud 
?ublicaN at the USC f nlernationzl Centzr far Public Health Research 
in HcClelTanvifle, SC. In 1988, a six-week course 8*EpiderefologEa 
y Cants01 de Malaria y Otras Enfemedades Transmitidas por 
Vectaxesu was attended by 4 individuals, 3 of whom were SNEM 
ncem.bers who participated in the work af the Project* Xn the sane 
year the course w a s  given in English and was attended by a member 
of SESPAS who later became SNEM head of operations. The course in 
Spanish was attended in 1989 by the new Director of SNEM and 3 
m a ~ e r s  of PUCKPI. In the sa?;1e year, a three-weak course on the use 
of csaaputers for  vector c ~ n t r c a l  research and pmgram management was 
attended by the head of SNE&X operations and a =ember of the PUCMM, 
These courses were also given a t  the USC Center in HcChePlanvilPs. 
In a l l ,  10 SlEH and 5 PUam personnel attended 5 out-of-country 
short courses, 



7-9  Long-+em participant trafn5ng 

Of the 3 trainees consldeted for long-term training at the 
master% degree level, only one had conp3eled the training by the 
end of the project. Another had still not fulfilled a31 the 
requireaents, The third candidate left SNEN before starting the 
training. 

%, ExtensSon of the Project 

According to the cooperative agreement, the Project was 
scheduled to terminate on S e p t d e r  30, 1989. However, due ta the 
various obstacles and delays cited above, many objectives remained 
~nfulfflXed by EOP. Accordingly, the Project coordinator submitted 
a request to A I D  fur a one year, ne cost extansion, The extension 
was granted for nine naratbs at the suggestion of an independent 
review team, The new ending date of Hay 31, 1980 gave t he  Project 
time to work an ongoing and pending activities as well as to 
address revised objectives as outlined in the independent review 
document 

9. End o f  Project status 

The PUCMH ~edfcaZ entonology laborstoxry established by the 
Roject is suPtable for conducting investigatf ons on vector control 
for the preventlon/control of aalaria and dengue, Three PGCMM 
faculty ~e&ers received training and can participate in the 
design, implementation and evaluation of vector contro1 
iratementions and perfam operational research on such 
interventions. PBICHM is capable sf providing training on vector 
control ijnclandhg, the safe handling and application of pesticides. 
SlpeciaP enghatis was also placed on comunity education and 
participation, A prafessor in health education and prbmstiun at 
PTX3.N was given training in vector-borne diseases and their contra1 
at the l35C so that she can better coordinate efforts lo raise 
c03maunity awareness af t h e  association of Be+ a e m t g  and dengue 
and DRF. 

S W  staff have received both fomal and on-the-job training 
and have participated in &, aemmti and malaria control 
investigations, Three senior SNEM staff were trained in the 
& s i p ,  management, data collection ant2 evaluation of field trials 
on vector wntrol  measares and are capable of training f iePd staff. 
Thus, 5HEH is in a position to implement and evaluate operationaz 
research O U ~ C . Q P ~ S  Ow the5r vector contra2 efforts- 

X n addition to a new cooperative agreeaent, a cordial link has 
been established between ~ f M  and SHE?¶ that w i l l  enable them to 
cabXabarale in vector control aperational research. 

Based m findings by the Proje,ct, c r i t e r i a  w e r e  developed fox 
stratification, and csntro'l recomertdat%uns were made for use in 



combatting dengue and malaria. A nicroce~puter system has been 
established to be used for public health data nanagenzent. 

3.3, cost ll!uiaPysrs 

The following is a financial sunmary of expenditures for M e  
Vector Control Project through 27 June 1990. Final financial 
report is pending- 

Y;tLjvers%tv of South Car91 Pna - Dollar. f3udaet 
As of June 27 ,  1990 
Direst Cost= 1,858,533.91 
Indirect Cast 310,429.04 

TOTAL EXPENDED $1,373,455,35 

Xn-Kind Contributions, October I ,  1989 So May 31, 1990 

e ~ n i ~ e - l t v  ~f South Carolina CUSC) 
The University of South Carolina provided the PIo ject w i t h  the 

 emi ice^ of: 
5% of  Co-Principal Investigator's salary 
1 Campus Coordinator4s salary 
P h a f f - t h e  s e e r e t a q * ~  salary 

TOTAL $19,638.54 

Total En-Kim3 Contributions by the Uaivarsity cf South Carolina 
fr- Sep-k 11# 2986 $0 May 31, 1990 

!PQTU $150,551- 5 4  

Salar%es funded by PDCMH 
XaMratories : Sant Lago 

*Zncludes cleaat5ng staff ,  general 
services (electricity, etc.3 

10f,400 (pesos) 
45,0043 I*) 
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