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USAID VECTOR CONTROL PROJECT (517/0235}
FIXNAL REPORT

i. ZIntroduction

The University of South Carolina (USC), the Pontificia
universidad Catolica Madre vy . Maesira (pucHy) and the Servicio
Nacional de Erradicacion de 1z ‘Malaria (SNEM) signed a cooperative
dgreement in Aucgust, 1986 to establish a Vector control Project
(VvCP) in the Dominican Republic (DR). The purpose of the project
was to foster an institutional capability in the DR to research and
+est ecologicaliy and economically sound intervention methods to
control vect r-borne diseases, specifically malaria and dengue.
The goal of the Project was O promote a healthier living
environment in the country by improving the nation's ability to
reduce the incidence of vector-borne diseases.

¢he University of South carolina veceived funding in the
amount of 1.5 millicn dollars to implement.the‘USAID'Vectcr Control
Project (VCP) for a three year period. In addition, host country
sunding (FL 480 nonies) was authorized in the anpount of 600,000
pesos. USC was responsible for administering these funds.

This £inal report will sumnmarize  the activities,

accomplishments and obstacles experienced throughout the life of
+he Proiject.

2. start-up of the project

Dr. Mar Tidwell, Proiect Coordinator, arriveé in the Doninican
Republic in January 1987 after an extensive search for a qualified
individual to fill this position. 1In September 1986, scientific
ecquipnent, cffice supplies and vehicles (in the amount of
$163,343.00) were procured bY the University of south Carolina for
project use. These goods were delivered in the pominican Republic
jn March 1587. Host country funding (PL 480 monies), was not
disbursed to the Project until April 1987. Since these monies were
needed to pay 1ocally employed personnel and for local purchases,
these delays caused 2 lag in the implementation of the Project.

puycMM provided temporary facilities for the project on the -
campus in Santiago. SNEM also provided ljaboratory and insectary
space for +he dengue work in Ssanto Domingo. A permanent laboratory
was constructed at PUCMM and opened in May of 1989. Construction
of the lab took puch longer than anticipated due to the delay in
receiving PL 480 funds and the shortage of locally available
building materials.
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The Advisory Committee, consisting of members from each of the
cooperating institutions along with AID personnel, was established
early in the 1life of the VCP and met periodically throughout the
duration of the Project.

3. Technical assistance

USC faculty and cutside consultants provided expertise to the
veP in the following areas: in-country rraining (both formal and
on-the-job training), the use and maintenance of spray equipment,
safe use of pesticides, field and laboratory techniques of sampling
mosquitoes and evaluating control measures, health promotion and
community participation in Ae. aegypti source reduction, etc.
Special assistances/training was provided during their in-country
periods for the VCP's candidates who were working on their master’'s
degree . A total of 675 man-days of consultation work was provided
=5 the Project. An increase in the number of consulting days
cozpared to that shown in the Project Paper was necessary to
provide an operatiocnal assistant to the project coordinator to meet
the daily cperational/administrative needs during the increased
activity of the extension period. Also, because of the frequent
vreakdown of some spray eguipment and Project vehicles combined
with the difficulty of cbtaining gualified local mechanics to work
on the egquipment, it was necessary +o obtain the services cof
gualified mechanics from the U.S.

4. Accemplishments
4.1 Dengue
4.1.1 Belection of Study Sites

study sites were selected pased on available records irom
SNEM and preliminary surveys cenducted by Project staff.

in April 1987, Ensanche Espaillat, a lower niddle class
barric encompassing ca. 41 ha (100 acres) in the northeast section
of Santo Deominge was selected as the principal study site. This

-

site is representative of many of the older middle class barrios
of the city. In addition, initial inspections revealed substantial
populaticns of Ae.zegvipi. The  majority of the dwellings are
single story, cement block construction. As is typical of many
areas of Santo Domingo, water is provided to Ensanche Espaillat
several times a week. There may be periods of one to four weeks
when piped water is not available and rnust be cptained from other
sources. Such water is stored nmost cormmonly in 55 gal drums which
provide an ideal habitat for Ae. aegypti breeding. Mejoramiento
Sccial a nearby barrio with similar characteristics, was selected
as the second study site to compare Ae. aegypti indices and various
control interventions. A third but poorer barrio, Gualey, which
is contiguous with E. Espaillat was also selected for comparative

studies. Gualey is characterized by small wooden/tin shacks which
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are densely packad. 1t is 1pcated next to the Rio ozama. Open
sewer ditches cross the area and drain into the river. additional
areas weIre used 1in santiage for community participation
evaluation.

4.1.2 saseline pData

The collectivn of baseline data on the bionorics of Ae.
aegypti wWas essential in order toO provide information that could
pe used as a basis for resting jntervention methods- paseline data
were obtained using rraditicnal methods of estimating Ae. aegypti
populatiens as well as actual counts of immatures in water

containers and sweep-net saptures and biting collections of adults
inside houses.

in a2ll three areas, essential water storage containers were
the most nuperous, and these represented a high percentage of all
positive i1arval habitats for Ae- aegypti- cement lined 55 gal
arums are the neost important source of mosguito prcduction in most
areas and, while the average number of larvae perl drum was more
rhan 800, one drun was recorded with approxlmately 2,000 immatures
of Re. 2e0ypti. + is estimated rhat in mnany parrios,
mosquitoes or more w2y be produced daily from 2 singlie premise,
pnore than gos of these peing produced in Qrums. This level of
productivity would provide at least 10 mosquitees each day for
every man, woman and child 1iving in these areas. This high rate
of mosguito production (>4,000/ha} has also contributed to the
surprisingly high numbers of mosguitoes found in approximately 20%
af the houses. n a five pinute capturé period by two workers more
rnan 200 Ae. aegypti were netted from 2 single dwelling. The role
that these high numbers of mosguitoes may play in dengue
tyansmission js unknown (see appendix 1).

researchers in Puert Rico have found that 2 density figure
of 4 on the international scale of 1-9 by Brown (pased on 2
composite score ©f jarval indices} was associated with jncreased
rranspmission of dengue. VestoYr conktrol project jnvestigations
revealied that the prenise, container and Breteau ijndices in
paseline study areas were respectively g0, 50, and 200 or higher
which corresponds +o the maximun aensity figure of 9 on the scale
py Brown. and as such. enphasizes the high risk for dengue
+ransoission.

There Was variation in the larval indices amond the barrios:
nowever, in 2 comparison of house, contaliner, and Breteau indices
with the average number o©of fenmales Per house (female density
index), ©oniY +he contaliner indices were similar amondg +he three
study areas on +hree dates- There was no cignificant relationship
hetween adul® densities and any of the rhree larval indices. This
may have been due to the high levels of mosquito populations in the
areas pasking any differences that nmay pe present at lower

»

population densities. although soRe data 1s novw available on
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larval indices in Santo Domingo (See Table 1 Appendices 1 and 2)
little data is availabdle on the asscciated adult densities from
these areas.

Stratification is the characterization of transmission areas
using epidemiclogical aspects as well as associated factors (e.g.
the presence of streets to permit access to vehicles with mounted
spray equipment) for consideration in control programs. With the
lack of apparent correlation of larval indices and adult population
counts in high mosquitec density areas, the lack of adequate
serological data and other factors, meaningful stratification is
not yvet possible, However, a system for use as a guide to
stratification for dengue prevention and control is presented in
Appendix 2. In addition a dengue research matrix is discussed and
given in Appendix 3.

Susceptibility tests were conducted on larval and adult stages
of 2e. zegypti populations from Santo Domingo using standard WHO
procedures and kits. Larval tests indicate that the populations
had significant 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 of
resistance. In adult tests, a high level of resistance was
detected to DDT. The populations also had relatively high levels
of resistance %o propxur, fenitrothion, and permethrin. In
acquiring insecticides for routine control or emergency use,
findings cf the VCP on insecticide resistance of Ae. aegypti should
be used as 2 guide. A detailed presentation of susceptibility test
results is given in Appendix 4.

In conclusion, considering the high population densities of
2e. aegypti, the endemicity of all four dengue serotypes, the
continuing use of essential water storage containers and the common
occurrence of non-essential containers, it is considered likely
that Santo Domingo will experience a serious epidemic of dengue
with 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 making the Ae. zegypti populations even more resistant and
to ensure that the future contrel efforts result in some degree of
success. Under the economic constraints existing in the DR, it is
recommended that insecticide application be reserved only for
perifocal treatment of dengue positive houses and adjacent premises
or in the case of a Gengue epidemic. (See Appendix §).



4.1.3 Testing and Evaluation of Iatervention ¥ethods

Several methods of intervention for the prevention and control
of dengue were tested in the study area of Santo Domingo and
Santiago.

One of the most promising of the interventions tested was the
use of vehicle mounted ULV (ultra low volume) and thermal fog space
spraying. veP staff evaluated approximately 30 malathion
applications using these methods. ©Due to low initial mortalities
dosage rates were gradually increased from 146 ml/ha (2 oz/acxe)
to 584 mis/ha (8 oz/acre). Female mosquito population reducticns
as high as 95% occurred following three sequential applications of
584 ml/ha. In addition, mortalities in thermal fog tests as high
as 81 %t were recorded in biocassay cages placed in protected areas
under beds. Better test results were obtained with thermal fog
applications <than ULV. The perifocal use of space spraying
together with 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 VCP was
the use of aerial application for the emergency control of dengue.
The DR Ae. 2egypti eradication program was discontinued in 1962
due to the development of DDT resistance in this vecter, and since
that time political decisions have not promoted the developnent of
a continucus 2e. zeavpti control program. Therefore, if a dengue
epidemic wrre tc occur, reliance nust be on emergency control
procedures. Santo Domingo has been growing rapidly and since 1986
the estimzted nurmber of houses has doubled to more than 408,000
which would imply that with an extensive epidemic the control
applications must be capable of covering large areas rapidly.
Apart from massive ground based resources, Only aerial application
could provide this type of rapid coverage.

veP conducted preliminary aerial spray trials utilizing
helicopter and fixed wing :zircraft. Evaluation of the aerial spray
revealed less than 50 % mortality indicating that the application
rates were too low. (See Appendix 6). Utilizing the same rate of
insecticidal application, space spraying from vehicles resulted in
better penetration and higher mortalities than aerial applications.
However, in considering aerial application, the extent of the area
to be covered and/or accessibility of the area to vehicles may be
a2 pore important than its relative effectiveness. 1In any event,
preliminary evaluations indicate that increased dosage rates will
be required.

For political reasons higher application rates could not be
tested. However, it is essential that additional tests be
conducted to determine effective dosage rates for aerial
applications.
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During a pilot community participatioen study in August 1987,
a survey revealed confusion regarding the origin of mosgquitoes and
the transmission of disease. Existing knowledge regarding
mosguitoes is apparently a carry over from previous information
campaigns against malaria. Most pecople associated the presence of
stagnant water with mosquito production and malaria, but very few
associated the mosguito larvae in the relatively clean water in
storage containers with dengue Ifever. Therefore most peocple
believed the foci of mosguito breeding occurred ocutside the hone
{in the environment not under their control). There was alsc some
confusion between mosguitoes which occur in polluted water and
Aedes 2egyvpti. Following the preliminary survey, a limited
neighborhood education program was implemented along with
distribution of 1larvivorous f£fish and sack drum covers and
information on their use. To augment the educational aspect,
brochures were developed and distributed at each house to provide
information on the life cycle of 2e. z2eqypti and source reduction
approaches. This progranm was partially successful in increasing
awareness of dengue, and nany individuals took an active part in
decreasing mosquito production on their prenises.

The focus of future progranms should be on multimedia national
campaigns. The VCP collaborated with SNEM and the US Information
Service, Santo Doningc to develop a TV public service nessage
regarding the association of dengue with household mosquito
production. This message was pade available to local TV stations
and is being broadcasted to increase public awareness of this:
preblen. ¥Most of the current knowledge about dengue and mosquitoes
has been obtained from this type of limited national program. Even
with the neighborhood campaigns which the VCP implemented, there
was an increase in knowledge about dengue and mosguitoes and a
decrease in the mosguito larval populztions. PUCMM staff is
continuing work on the use of community participation in
controlling 2edes aeqvpti.

Two intervention methods that were combined with the community
participation program involved the use of fish and drum covers to
control mosguite production in water storage contziners.

Mosquitofish, Garmbusia and Poecilia were distributed in
several barrios in Sante Domingo and Santiage, which had large
numbers of water storage drums positive for mosquito larvae.
weekly examinations revei ed that wherever fish remained, larvae
were centrolled. However, even though at least one menber of each
household was given infermation on the benefits of having fish in
the water storage drums, by eight weeks post-introduction che
majority of drums no longer contained fish. There were primarily
three reasons for the disappearance of fish: 1) fish were lost
when water was renoved; 2) fish were lost when the drums were
cleaned: 3) individuals who were not aware cof the purpose or the
importance of the fish removed the fish from the drums.
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subseguent rrials involved tnhe ase of tilapia in druRs.
although eithex sish was capable of controlling mosquito larvaeg,
future projects should concentrate on the use of rilapia since
these fish repained mostly in the bottom of the drum rather than
+ the water surface 1like nocquitofish and, therefore were less
1ikely to be removed accidentally.-

A vigorous education pregraa should accompany the distribution
of fish and voluntary collaboraltors enlisted to distribute
replacement £ish and encourage participation. in a preliminary
vrrizal of the use of mosquitofish, one such person +ook an active
interest in producing and distributing fish throughout his
neighborhood.

concurrent with +he distribution of f£ish to nousehclds, &
study wWas conducted on +he use of nylon sacking material as covers
for water storage drums tc limit access to egg-laying nosguitoes.
A sufficient nunber of sacks +o cover all water storage drums was
provided to 2 pexmber of each rest house and their use explained.
LCovers were effective in substantially reducing posqguito production
in drums when they were conscientiously exployed. However, the
SaCK coOvVers were frecuently 1eft off especially when the drums were
empty ©r near empty &nd female mosguitces continued te lay eggs in
+he drums. When water was again added to the drum, larvae would
develope. Future distribusion of covers pust involve extensive
education and follow LP to be successful in long-teim reduction of
posquito numbers. although mere substantial 1id covers might
eliminate mosquito production, the cost of such covers nmay be
prohibitive.

An additional jntervention —ethod evaluated jncluded the use
of the fungal biological control agent Lagenidium giganteun which
was introduced in 55 gal water storage druzs in Santo pominge and
Santiago. Results ebtained were erratic, infection rates in sone
drums Yreached 100% while in others there Wwere noe infections.
unfortunately the work using this piclogical control agent was
discontinued per instructions ef ljocal health authorities who did
not want %o intreoduce new organisns inte the habitat. Evaluations
of other viclogical control agents, €9. ono;ﬁxgchi;eg, planaria
and copepeds weIre curtailed because of this same unwillingness to
allow the use of such agents.

permethrin was used against Ae. 2egypti bY application to
nouseholid curtains. Under rhe conditions of the test, the nosquito

population was not reduced sufficiently.
41.1.4 Contingeney plan foF ezergency panagement of dengue

2 contingency pian for energency panagement of dengue in the
Dominican Republic was prepared in 1588 by Tonn and waterman and
revised by Tonn 1989. Modification and updating of +his document
based on operational research findings was done by vep staff in
1990. (See appendix 7)- .
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The plan notes that ™although ewphasis should be piaced on
continucus prevention rather than exexgancy Leasures of Ae.
2egypti, history has shown that this iz not always practical®.
However, the inadeguacy of piped water and solid waste removal
makes routine control expensive and inefficient. wWhile regular
control can inpede Ae. aegvypii populations from increasing to
dangerousiy bhigh levels, the purpose of emergency measures is to
reduce rapidly 2 high population theredy eiininating infected and
potentially infective mosguitoes and rerminating or curtailing the
further spread of the diseazse.

The aforementioned plan provides a foundation for dealing with
a potential outbreak of dengue in the Dopinican Republic. The
pivotal role of the National “emmittee for Contrel of Dengue
E£pidemics should be emphasized. The memberchip should be broadly-
vased, including hichly~placed representatives from SESPAS and non-
health departments and international agencies so that resources can
be pulled from all available scources when the need arissz.

~he effectiveness of an emergency systenm depends on the
capacity to moniter accurately the change in dengue virus activity
s> the intrsducticon of a new serciype. In many barrics cof Santo
Doninge and Santiago, the density of 2e. aegypti is such that a new
infection source is all that is needed for an expiosive outbreak
to occur. The situation is probably also true in othex densely-
settled population centers. Those involved in the work of the
vector Control Project are aware that the dengue surveillance
system is still in the developmental stages. surveiliance data can
be used effectively to trigger a crash vector control response Oniy
if serum collection is adeguate geographically and temporally, and
the serclogy laboratory is well-equipped and well-manned so that
they can be relied upon to do a speedy and accurate diagnosis.

iIn summary the recommendations for dengue control include:

a) Expanding the dengue surveillance systen

b} Provide rapid response with localized perifocal treatment
of positive case houses and adjacent premises within 100
». Complete coverage of this area should be made with
space spraying, larviciding, and source reduction with
emphasis placed on conmunity education and participation.

c) Evaluate increase application rates and new materials for
ground as well as aerial space spraying for the emergency
centrol of dengue.

¥ Evaluate long term control of 2e. aegypti using
biclogicals such as Toxgrhynchiter. copepods, fungi, etc.

e} Place greater emphasis on comamunity education and
participation programs for the reduction of Ae. aeqypti
populations.

+ailed recommendations for the emergency control of dengue
are given in Appendix 7.



4.2 Malaria
4.2.3 selection of g+udy sites

1n July 1987, +ne district of Dajabon Wwas seiected 2S5 the
primary study site for malaria vectors- This district which is in
the*province‘by the same Nawe, js located on the northwest frontier
with Haiti. The area Wwas selected because of the following
reasons: < it was one of the border areas jdentified by SNEM to
pe least responsive to palaria control efforts., =~ jt offers a
diversity of ecological habitats suitable for the proliferatien of
anophelines, and =~ unpublished SNEM records reveal & history of
_ insecticide resistance in anogheles populations of the area. In
addition, the area js accessible py road +nroughout the year, thus
enabling yearvaraund field work.-

Seme WOrk en malaria vectors was 1ater done in Barahona, in
tne south-western corner of the country, pordering on Haiti, as
well as in Elias Pina, Haina and santiago.-

4.2.2 Baseline dAata

study of the wionenics ©f ancphelinesS in Dajabon Wwes
accomplished using various sappling nethods and devices- Four
species of Ancpheles were encountered. out of 54,946 anophelines
identified, =g.2% were Al. albipanus. 10.1% were AD. Wﬂiﬁ,
1.5% were AR. cyucians, and 0.1% were An. g;gsﬁamii. Rice fields,
which are extensive in the pajabon area. and animal watering ponds
were the main preeding sites ysed by the anophelines- :
nosguitoes were also found preeding in jrrigation and drainage
ditches and temporary rain pools-

studies showed that the anophelines aia not rest indoors
guring the daytime (they were excphilic) - Night-tinme collections
from corrals and.animal-bazted collections showed that all four
species of anophelines were sctracted to 1ivestock. Observations
on human-biting activity revealed that most of the man-mosquito
contact took place outdoors 1in the early evening hours- puring
this time, nearly 2ll the human population was outsxdeﬁdue.to*the
stifling heat inside dwellings. comparison of indoor and outdoor
piting activities showed that 77.3% of the bites by An. a}bimanus
were inflicted ocutdoors. similarly. 86.8% of the bites by Al
vggtigigenniﬁ occurred oukdoors. The peak of biting activity bY
woth species was petween 2 and 10 p.m. Vvery 1ittle biting occurr

jndoors aftter 11 p.m. The proporticn of An. vest i is, the
second most abundant species, Was higher in pan-piting collections

and.animal-baited net trap captures enan in light txap samples-

1n order 0 determine the potential role of the,mosquitoes=in
palaria cransnission, thei~ gonotrephzg,cycle, parity rates, human

plood index and infection rate with malaria arasite were assessed.

The human blood indeX, determined DY direct ELISA, was 0.08 and
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0.12 for An. albimanus and An. vestitipennis, respectively. Double
antibody or sandwich ELISA was conducted on 21,852 specimens. As
a result of the tests, 2 sanmples of pooled {(ca. 5 specimens/pool)
and 11 single specimens of An. albimanus, 1 single specimen of An.
vestitipennis, 2 samples of pooled an. crucians and 1 sample of
pooled An. grabhamii were found positive for P. falciparum
sporozoites in preliminary tests conducted at the ELISA laboratory
in Santiage. Eventually only S single specimens of An. albimanus
were confirmed positive. One reason for the failure to confirm the
others may have been antigenic deterioration due to thawing out of
frozen specimens while in transit from the Dominican Republic to
the United States since dry ice was not available. The vectorial
capacity of An. albimanus and An. vestitipennis was determined to
be 0.19 and 0.005,

In the Barahona area, An. albimanus was again the most
abundant species but unlike in Dajaben, An. grucians was the second
most abundant species. The major anopheline breeding sites were
found to be the main sugar cane irrigation canals which were choked
with wvegetation causing the water to move slowly. Proper
maintenance of these canals would be an effective source reduction
neasure. petails of baseline data on anophelines and their
2nalyses are giwen in Appendix 8.

Susceptibility tests using the World Health Organization (WHO)
test kit and procedure wers conducted on An. albimanus and An.
vestitipennis in Dajabon. The former species showed relatively
high levels of resistance to DDT and permethrin. Jowever, it was
found to be susceptible to malathion, fenithrothion and propoxur.
An. vestitipennis was also significantly resistant o DT but not
to propoxur (see Appendix 9). A high level oZ xesistance to
permethrin was also detected in An. zlbimanug vopulations in the
Barahona area.

Tn conclusion, based on the findings of the study conducted
in Dajabon, where breeding sites are abundant throughout the year,
residents spend long evening hours outdoors, vector/man contact
occurs mostly at peridomestic sites, the anophelines that enter
dwellings do not stay there for long and the two most abundant
species are resistant to a2t least two insecticides, it is highly
unlikely that indoor spraying, especially using DDT or pyrethroid
insecticides, will provide satisfactory protection against malaria.
The situations in Barahona and other studied areas also lead to the
same conclusion.

A cormputer-based data recording and processing system was
developed and instituted to replace and improve the manual system
that was in use at SNEM. However, following a discussion in which
211 concerned including an AID representative participated, the
computer equipment was placed in the computer services unit of
SESPAS. A program for entering and processing SNEM data was
developed and discussed with SESPAS computer services personnel so
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that it could be implemented without difficulty (see Appendix 10).

it was not possible to perform an actual stratification of the
DR for malaria control purposes because of the lack of information
on all the factors reguired for such stratification. However a
discussion of the concept and a listing of the factors required to
de the stratification are presented. Utilizing the recently
established computer data recording and processing system and the
guidelines for stratification that are provided, SNEM now has the
capability to accomplish the task (see Appendix 11).

A malaria matrix to be used as a quide for action in malaria
control operations was developed. The matrix serves as a decision-
making tool in assessing the nature of malaria transmission and
endemicity, as well as vector bionczmics, to help select alternative
intervention measures. Details of the matri: -re given in Appendix
12.

4.2.3 Testing and evaluation of intervention methods

The application of Bti granules to ditches with Anopheles
larvae was found to reduce larval populations. However, within 48
h of treatment neonate larvae were collected from treated sites.
These trials indicated that Anopheles are susceptible to Bti at
recommended rates but its short residual action would make it
necessary to apply this larvicide every 7-14 days.

Results of thermal feogging trials in Barahona using malathion
have shown that there is an immediate impact on the population of
anophelines. In cases of inmpending or actual ocutbreaks of malaria,
therefore, malathion or carbanmate insecticides can be used as space
sprays (thermal fog) in the external environment since no
resistance was detected to these insecticides. The application
should be pade in the evening when the mosquitoes are foraging, and
can be repeated every 3 days for as long as necessary to interrupt
malaria transmission.

Accordingly, the recommendations to be made with resrect to
malaria control include:

{a) Termination of indoor spraying

{b)} Emphasizing case detection and timely treatment

{c) Source reduction where feasible (as in Barahona)

{d)} Thermal fogging in case of an outbreak using
srganophosphorus or carbamate insecticides

(e} Conducting further operational studies to improve
application techniques, to evalvate alternative
neasures, and provide cost estirmates for the selected
mnethod(s).

Detailed recormnmendations for malaria control in the DR are
given in Appendix 13.
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5, Institutiomal strengthening

The institutional strengthening of PUCKM and SNEM was

accomplished in rhe following ways:

- establishment and equipping of laboratories that can be
used for the study of arthropod vectors of diseases and
their control;

- development of & cadre of workers with field and laboratory
research skills within both SNEM and PUCMM, with hands-on
experience in surveillance, iaboratory and field
implementaticn of control and evaluation measures as well
as 1long and short-term training;

- the creation and fostering of inter-institutional
collaboration between puCMM and SNEM. such collaboration
was weak at the beginning, but has improved substantially
since early 1989 when 2 new director of SNEM was named.

5.1 PUCHM

The PUCMM has given good support to the Vector Control Project

and has made all efforts to renefit from it. The medical
entomology laboratery and insectary at PUCMM have already achieved
a highly functional state. The laboratory is equipped w“ith

facilities to perform various entcmological studies including the
detectiocn of sporozeite antigens in mosquitoes using the double
antibody sandwich ELISA ac well as mosyuito bvlood-meal host
determinaticn by the direct LLISA. The jaboratory is equipped with
a computer that can ve used to record, process and analyze data
obtained from ficld and laboratery research. For accomplishment
in manpower development see undtr *#TRAINING" .

5.2 B8¥ZM

Early in the 1ife of <the project SNEM'S role in Project
activities  Was weakened by the lack of stability due to the
frequent change of Directors and other senior personnel as well as
+he failure %0 identify one pexrson +o> work with the Project
coordinator. The capability of SNEM has been upgraded through the
particigation of many of their rechniczal personnel poth in the
malaria and dengue surveillance and control acti-ities of the
Project. As a result, SNEM now has +he ability to carry out such
cperations on its own or in collaboration.with pPUCMM. For exanmple,
§ SNEM personnel were involved in the collection of pe.aeqypti -
paseline data as well as the application of control measures. They
were also responsible for evaluating the changes. in the pre-and
postwapplicaticn population ievels of ﬁg._aegxgti, as well as the
effect of insecticide applications on caged mosquitoss. tndexr the
jeadership of the new director, major progress has been made bY
SNEM in improving communication and developing close collaboration
with PUCM¥ and USC.



6. Consiraints and delays

The Proiect Paper included sone unrealistic concepts and a
nunber of snattainabie targets o be achieved in the 1ife of the
project. Tor exanple, as pointed out by both the nid-term and
subsequent evaluation teams, the breaking up of “he three-~year term
of the Project into four phases and compartmentalizing operations
by such phases was mnot strictly feasible because piolcgical
phencnena follow seascnal cycles and cannot be limited by man-made
+imetables. Ancther exanple is the stipulation that +he Project
was to test 6 methods of wvector control. again both evaluation
reams have pointed out +he futility of such pre-determination of
+he number of methods to pe tested. In another instance, it was
stated that 2 nmeasurable reduction in incidence of palaria and
dengue fever™ would follow the implementation of the Project.
Although the long-term impact cf the Project may produce such a
reduction, this was not 2 specific objective as ~he actual cocntrol
of malaria and dengue is the responsibility of the HNational
Directorate of Health and  SKEM. another discrepancy Wwas the
regquirement that work on Ae. aegvpti and Anopheles mosquitces be
conducted in the sanme areas. This was not a ceusible proposition
considering that malaria is primarily 2 rural disease while dengue
mainly occurs in urban areas.

An imporiant point +hat was nov anticipated was the lag time
between the stateside purchasing of ecuipnent, supplies and vehicle
parts and the delivery in the seminican Republic’ delivery took as
icng as four monihs. In addition, air shipments of replacement
parts were stolen when they arrived in 3anto Doningo which resulted
in extended delay of project activities. another problem
enceuntered was the shortage of ~qualified mechanics to work on the
spray equipment and vehicles and as 2 result, some sSpray units as
well as project vehisles that were crucial to field cperations were
incperable for extended periocds of time thus curtailing field
activities. The evaluation of focal fogging foTr malaria reduction
and the selection of optimal insecticide application rates for
dengue control could neot be completed for this reasocn.

6.1 Bost country funding (PL 480)

Tne delay in the disbursement of PL 480 monies hampered the
operation of the Proiect on umany occasions. AS mentioned, the
first allotment of PL 430 funds was not received until april, 1287.
as a result, field +ravel by Project and SNEM employees for work
on malaria and dengue coulé not be undertaken as scheduled. The
Project Coeordinator hed to find money from other sources in order
to fund scheduled field activities. since PL 480 funds were
unavailable to the Project ©on 2 +imely basis, completion of the
Project laboratery +ook much longer than originally anticipated.
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6.2 PUCMM

The Project did not encounter major problems in its relations
with PUCMM. However, a more cohesive interaction between PUCMM and
SNEM in the Project's infancy would have been beneficial to all
parties,

€.3 ENEM

During the 1life of the Project, SNEM had five different
directors and 7 different senior officers. This Lack of stability
wWas a hindrance to collaboration with that institution. Tecward the
end of the Project, a new director for SNEM was appointed and a
close collaborative relationship was established. However, in
spite of the SNEM Director's enthusiastic support and
participation, %+he unexpected departure of two key SNEM technical
officers during the extension period resulted in a shortage of
pPersonnel and as such, had a iimiting effect on the testing and
evaluation of abate, the development of a continuing SNEM dengue
control program, the demonstration of small scale scurce reduction,
and SNEM involvement in community education and participation
pPrograms.,

7. Training

To develop the capability of the scientific and technical
hanpower of PUCMM and SNEM, a variety of instructional approaches
were used. The main training methods included on-the~job training
not orly for SNEM fieid workers and technical staff but also for
the three nasters candidates as well. 1In addition, in-country
short courses and cut-of-country courses in the United States were
also provided. As was pointed out in the contingency plan for
emercency management of dengue (which would apply to malaria as
well), no plan of action ecan be developed without continuous
training and research to ensure proper selection and implementation
of actions.

7.1 On~the-job training

At least 6 malaria technicians from SNEM were invelved in the
malaria field and laboratory work. This has enabled them to learn
field sampling techniques using various devices and methods. In
addition, the technicians had the opportunity to 1learn
identification procedures for anopheles mosquitoes and to recognize
their breeding habitats. In the field laboratory at Dajabon, staff
have participated in dissections for parity determination as well
as conducting susceptibility tests to determine the level of
resistance in Anophelss mosquitoes. In the main laboratory at
Santiago, PUCMM faculty and technicians have been given specialized
training in the use of indirect ELISA to detect speorozoites in
mosquitoes and in the use of direct ELISA to determine the bloogd-
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meal source of engorged mosguitoes.

Although the numbers varied from time-to-time, approximately
© SNEM technicians were directly invoived in the work on Ae.
segypti carried out by the Project in Santo Doningo. These
technicians have mastered wmethods of sampling Ae. aegypti eqgs
using ovitraps as well as sampling larvae from intra- and
peridomiciliary water containers., Regarding adult sampling, the
technicians have used aspirators and aerial nets. The latter
procedure was developed during the course of the Project. The
participation in the application and evaluation of Ae. aegvpti
control measures has provided ancther 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 mosguitoes in biocassay cages and by
conducting pre- and post-application net and biting collections and
egqg surveys. Microscopes were loccated in the lab space provided
at SNEM and the technicians were given training in the
identification and dissection for parity rates in Ae. 2eqypti.
They also took part in the establishment and maintenance of an Ae.
aegypti colony.

7.2 In-country short courses

In-country courses included a diversity of subjects ranging
from basic applied operations and safe handling of pesticides to
mosquito taxonomy, epidemiology and coutrel of epidemic dengue and
health education and community participation. Courses were offered
to SNEM field workers, students, and military, medical and other
health professionals. Fourteen in-country courses were provided
for more than 245 participants. 2 listing of all courses given or
sponsored by the project is provided in Appendix 14.

7.3 OQut~of-country short courses

In 1987, 4 members of SNEM who participated in the work of the
Vector Control Project attended a 10-day course in Spanish entitled
"Bionomia e Indentificacion de Mosquitos de Importancia en Salud
Publica®" at the USC International Center for Public Health Research
in McClellanville, SC. In 1988, a six-week course "Epidemiologia
y Contrcl de Malaria y Otras Enfermedades Transmitidas por
Vectores'" was attended by 4 individuals, 3 of whom were SNEM
members who participated in the work of the Project. In the same
year the course was given in English and was attended by a member
Cf SESPAS who later became SNEM head of cperations. The course in
Spanish was attended in 1989 by the new Director of SNEM and 3
members of PUCMM. In the saxe year, a three-week course on the use
of computers for vector control research and program management was
attended by the head of SNEM cperations and a member of the PUCMM.
These courses were also given at the USC Center in McClellanville.
In all, 10 SNEM a2nd 5 PUCIM personnel attended S out~of-country
short courses.
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7.4 Long-term participant training

Of the 2 trainees considered for long-term training at the
master's degree level, only one had completed the training by the
end of the project. another had still not fulfilled all the
requirements. The third candidate left SNEM before starting the
training.

8. Extension of the Project

according to the cooperative agreement, the Project was
scheduled to terminate on Septexber 30, 1883. However, due to the
variocus obstacles and delays cited above, many ocbjectives remained
unfulfilled by EOP. Accordingly, the Project Coordinator submitted
a request to AID for a one year, nec cost extension. The extension
was granted for nine months at the suggestion of an independent
review team. The new ending date of May 31, 1980 gave the Project
time to work on ongoing and pending activities as well as to

address revised objectives as outlined in the independent review
docunent.

9. End of Project status

The PUCMM medical entomology laboratory established by the
Project is suitable for conducting investigations on vector control
for the prevention/control of malaria and dengue. Three PUCMM
faculty members received training and can participate in the
design, implementation and evaluation of wvector centrol
interventions and perform operational research on  such
interventions. PUCMM is capable of providing training on vector
control including, the safe handling and application of pesticides.
Special emphasis was also placed on community education and
participatien. A professor in health education and promotion at
PUCMM was given training in vector-borme diseases and their control
at the USC so that she can better coordinate efforts to raise
cormunity awareness of the association of Ae. aegypti and dengue
and DHF.

SNEM staff have received both formal and on-the-job training
and have participated in 2e. aegqvpti and malaria control
investigations. Three senior SNEM staff were trained in the
design, management, data collection and evaluation of field trials
on vector control measures and are capable of training field staff.
Thus, SNEM is in a position to implement and evaluate operational
research outcomes in their vector control efforts.

In addition to a new cooperative agreement, 2 cordial link has
been established between PUCMM and SKEM that will enable them to
collaborate in vector control operational research.

Based on findings by the Project, criteria were developed for
stratification, and contrel recommendations were made for use in
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combatting dengue and malaria. A microcomputer system has been
established to be used for public health data managenent.

11. Cost analysis

Budget

The following is a financial summary of expenditures for the
vector Control Project through 27 June 19%0. Final financial
report is pending.

University of South carglina — Dollar Budget
As of June 27, 1990

Direct Cost 1,058,537.91

Ingirect Cost 314,517.44

TOTAL EXPENDED 51,373,455.35

In~XKind contributions, Cetober 1, 1989 to May 31, 1980

the Project with the

services of:
5% of Co-Principal investigator's salary
1 Campus coordinator’s saiary
1 half-time secretary’s salary
TOTAL $19,618.54

Tetal In-Kind contributions by the uriversity of South carolina
from September 11, 1986 to May 31, 1990
20TAL $150,551.54

pPontificia Universidad Catolica Madre ¥V Maestra (PUCMM)
PUCMM provided -
Researchers 69,000
2dministrative Suppert 32,400
{Bookeepers, etc.)
salaries funded by POCMM 101,400 (pesos)
Laboratories: Santiago 45,000 (*)

sInciudes cleaning staff, general
services (electricity, etc.)

Total In~Kind contributiens by PUCHM 146,400 (pesos)



SNEM Provided-

Salaries (6 individuals) 38,133
Space 10,5606
Equipment {Maintenance) 1,000
Total In-Kind Contributions by SNEM 49,693

PL_480 Funding {Pesos) September 11,1986 through May 31, 1990

RD $500,000.00 Budgeted Expenditures Balance
{3 Years) €060,000.00 43,485.35
Salaries

Medical Enteomologists (2) 108,848.66

Bilingual Secretary 35,877.00

Driver 2%,081.67

Peace Corps C.00

Field Assistowt 17,269.92

Technical Labortory 0.00

allowances 34,169.8¢C
Transportzticn 36,610.57
Construction 209,399.82

Furniture 3,945.05
Expenses/Operations 79,849.€6

Equipment

——-—n—mwm—
Total 60, 000.00 530,814.65 43,485.35



