
FR
O

M
 T

H
E 

A
R
CH

IV
ES

Find Similar Titles More Information

Visit the National Academies Press online and register for...

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National 
Academies Press.  Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy 
of Sciences. 

To request permission to reprint or otherwise distribute portions of this
publication contact our Customer Service Department at  800-624-6242.

Copyright © National Academy of Sciences. All rights reserved.

Instant access to free PDF downloads of titles from the

10% off print titles

Custom notification of new releases in your field of interest

Special offers and discounts

NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=19516

Pages
67

Size
5 x 9

ISBN
0309327199

Manpower Needs and Career Opportunities in the 
Field Aspects of Vector Biology:  Report of a 
Workshop (1983) 

Board on Science and Technology for International 
Development; Office of International Affairs; National 
Research Council 

http://www.nap.edu/catalog.php?record_id=19516
http://www.nap.edu/related.php?record_id=19516
http://www.nap.edu/catalog.php?record_id=19516
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/


Manpower Needs and Career 
Opportunities in the Field Aspects C?f 

VECTOR BIOLOGY 

Report of;/I:Workshop : ; ·· 

Washingto!l,nD· C. and 
Berkeley Springs, West VIrginia 
Septemb�t·�?-October 2, 1982 

Board on Science and Technology for 
Intematioaal Development 

Office of International Affairs 
National Research Council 
United States of America 

.:. . 
·. I 

NATIONAL ACADEMY PRESS 
Washington, D. C. 1983 

. .  
. ·r l 

NAS-NAE 

NQY 1 � 1983 
LIBRARY 

Copyright © National Academy of Sciences. All rights reserved.

Manpower Needs and Career Opportunities in the Field Aspects of Vector Biology:  Report of a Workshop
http://www.nap.edu/catalog.php?record_id=19516

http://www.nap.edu/catalog.php?record_id=19516


c., I 

NOTICE : The project that is the subject of this report was a pproved by 
the Governing Board of the Nat ional Research Counci l ,  whose members are 
drawn from the councils of the National Academy of Sciences , the 
Nat ional Academy of Engineeri ng ,  and the Insti tute of Medicine . The 
members of the commi ttee responsible for the report were chosen for 
the ir special competences and wi th regard for appropriate balance .  

This report has been reviewed by a group other than the authors 
according to procedures approved by a Report Review Commit tee 
consisting of members of  the National Academy of Sciences,  the Na tional 
Academy of Engineering , and the Institute of Medicine . 

The National Re search Counci l  was established by the Na tional Academy 
of Sciences in 1916 to associate the broad community of science and 
technology with the Academy ' s  purposes of furthering knowledge and of  
advising the federal government .  The Counci l  operates i n  accordance 
with general policies determined by the Academy under the authori ty of 
its congressional charter of 1863 , which establishes the Academy a s  a 
private , nonprofit , self-governing membership corporation . The Council 
has become the principal operating agency of bo th the Nationa l Academy 
of Sciences and the Nat ional Academy of Engineering in the conduc t of 
their services to the government ,  the public , and the scientific  and 
engineering communi ties.  It is administered jointly by both Academies 
and the Institute of  Medicine . The Nat iona l Academy of Engineering and 
the Ins ti tute of Medicine were es tablished in 1964 and 19 70,  
respec t ively , und er the charter of the National Academy o f  Science s .  

Thi s report has been prepared by the Board,on Science and 
Technology for Int ernational Development , Office of Int ernational 
Af fairs ,  National Research Counc i l ,  for the Of fice of  the Sc ience 
Advisor, Agency for International Development , Washington , D . c  •• under 
Grant No. DAN-5538-G-SS-1023-DO. 

Copies available from : 

Board on Science and Technology 
for International Development 

National Research Council 
2101 Consti tution Avenue , N.W� 

Washi ng ton , DC 20418 USA 
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PREFACE 

Vector-borne diseases continue to represent a significant obstacle t o  
social and economic development i n  many tropical countries. Even in 
the Uni ted State s ,  viruses transmit ted by mosquitoes remai n  considerable 
threats to human and animal health. Irrigation projects ,  land-clearing 
in the jungle , and refuse dumps all present opportunities for insect  
vectors or snails to breed or increase their contacts  with human hosts .  
Scarce economic resources in many tropical countries  have curtailed 
effort s to eliminate vectors through spraying or environmental measures , 
and cases of malaria ,  dengue fever , and filariasi s ,  to mention only a 
few diseases , have increased notably in the psat  decade. Thus there 
has been renewed emphasis on research to discover new biologic and 
chemical tools for prevention and control of tropical diseases .  

Strategies for control of  vector-borne diseases include 
chemoprophylaxis ,  immunization, reduction of the intermediate host 
populat ion or vector control , snd alteration o f  human behavior so as to 
avoid contact with the pathogen or vector. Despite major advances in 
our knowledge of  the pathology , immunology , and chemotherapy of these 
diseases ,  relatively few safe and effective drugs are available , and 
vaccine development is proving to be a complex , lengthy ,  and costly 
undertaking , with success not yet assured. For millions of people in 
developing coun tries , vector control i s  currently the only practical 
means of reducing their risk of acquiring such diseases as malaria,  
sleeping sicknes s ,  dengue , and onchocerciasis. It i s  likely t o  remain 
a viable primary or complementary preventive strategy for many decades. 

Paradoxically , basic  research i n  insec t biology , physiology , and 
genetics has yielded methods with potential for controlling vectors : 
hormones to alt er growth and reproduct ive behavior , biological 
pathogens , and genetic alterations to reduce vector populations. 
However, such discoveries cannot be used agains t important vector 
targets without concomitant knowledge of their ecology and bionomics 
gained through field studies. 

For the last several decades,  widespread use of DDT and o ther new 
pesticides seemed to offer hope for eradicati on of malaria .  Indeed , 
the World Health Organization (WHO ) and government manpower policies 
relating t o  vector control programs for � aegypt i in the Americas 
served to discourage commitment of a whole generation of  scientists to 
careers in vector biology , because there was no need to hire scientists  

ix 
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to study insects about to become ext inct! A vector biologist (who is 
usually an entomologis t )  is defined as an individual engaged in the 
study of the biology , ecology , and control of arthropods responsible 
for the transmission of disease to  man and his domest ic  animal s . *  
Today , however,  vector resistance to pesticides ,  parasite resistance t o  
drugs , and failure t o  monitor vectors in control programs have resulted 
in alarming rises in malaria and dengue fever as well as other 
communicable diseases .  Thus we find ourselves faced wi th a shortage of 
field-oriented vector biologists at  a time when the need is most  acute 
and scientific  opportunities are rapidly emerging . 

To address these issues ,  the Nat ional Re search Council through its  
Board on Science and Technology for  International Development ( BOSTID) 
convened a workshop to assess the manpower needs and career 
opportunities in the field aspect s  of  vector biology . The immediate 
stimulus for the workshop was a letter of 10 February 1981 from 
Franklin A .  Neva , M . D .  ( chief of the Laboratory of Parasi tic Diseases ,  
National Institute o f  Allergy and Infectious Diseases ,  National 
Institutes of Heal th) to Victor Rabinowi tch,  then d irector of BOSTID . 
Part of the let ter states : 

• • • Several of us have become increasingly 
concerned about the dwindling number of individuals 
expert in the field of biology of vectors of human 
disease . Thi s has come to our attention e specially 
with respect�to entomologists knowledgeable about 
malaria , and malacologiats in the field of 
schistosomiasis . But , we think this would also 
apply to  field entomologis t s  working in the area of 
arthropod-borne virus diseases , for example . 

Over the pas t  decade or so , exciting research 
developments have focused scientific at tention of 
the world toward immunology ,  cell biology and 
recombinant DNA technology . This is largely the 
trend even in the developing world ,  as well  as in 
the more advanced countries . Yet ,  being able to 
deal wi th important health problems such as malaria 
and schistosomiasis requires being able to identify 
anopheline and snail  vector s ,  and work out the 
conditions in the field under which they thrive and 
interact wi th the human population . Thi s type of 
work is not considered excit ing by many young 
biologist s  in the context of the time s , but it is  
the nit ty-gri tty type of information and knowledge 

*At the same t ime , medical entomologists  are vector biologists with 
particular expert ise in the epidemiology , pathology , prevention , and 
control of vector-borne diseases . Vector biologists with primary 
intere st in vectors of animal diseases are normally classified as 
ve terinary entomologists.  Medical malacologists are usually 
considered to  be invertebrate biologis t s  wi th field experience in  
programs designed to control snail-borne disease . 
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that  is  needed to evaluate actual and potential threat s  of 
vector-transmitted diseases and to  do some thing about their 
control . 

Another aspect of the problem, we feel , is  that effective 
training in field entomology requires  repeated period s  of 
working abroad in different environment s  to gain pract ical 
field experience . In today's scientific  research scene where 
job opportuni ties and career advancement are built upon bench 
laboratory research , publications and professional contact s ,  
there are few inducements and opportunities for developing a 
field-oriented expertise . Such an orientation need not 
preclude research. In fact , highly interesting cri tical 
research leads can be stimulated by the field experience , but 
it is a much less prolific and more uncertain, long-term affair 
less likely to  appeal to  a research granting body . Therefore , 
the primary object ive of such career development should be 
trained and experienced personnel ,  not research publication s .  

If opportunities to develop such individuals can be 
created , how can their careers be sustained? Wha t institutions 
can af ford such talent that does not bring in research money? 
While government can absorb a few such people , mos t  wil l  need 
associations with universitie s ,  where they can teach and 
profitably interact wi th research groups to utilize their 
knowledge . But some mechanism of support must be devised to 
create a cadre of such individuals .  � 

We feel that the NAS , or some similar group could perform a 
useful service in examining this issue . 

This workshop was held from September 29 to October 2 in 
Washington , D . C . , and Berkeley Springs , West  Virginia ( see agenda , 
Appendix A) . Approximately 50 vec tor biologists and vec tor control 
expert s attended the plenary session,  including nat ionals from Brazil ,  
Indonesia ,  Tanzania,  and Israel and representatives from WHO . Presenta
tions focused on the value of field research , availability o f  manpower 
for field studies of medically important insects and sna il s ,  vector 
field research and control activities  funded by domestic and inter
national agencies , and obstacles to  career development . I would 
especially like to acknowledge the outstanding contributions to the 
plenary session made by several partic ipants .  William C. Reeves  set 
forth broad line s  of inquiry in hi s inspirational keynote address; 
Robert Gwadz , Bruce Eldridge , and Andrew Spielman each put in a tremen
dous effort prior to the workshop conduct i ng mail  surveys on training 
institutions . 

Following the plenary session, workshop participants met a t  
Berkeley Springs in  three working groups that focused o n  ( 1 )  field 
experience and applications of field re search to control programs , 
( 2 )  training ,  and ( 3 )  employment opportunitie s .  Working papers were 
drafted by the groups and ¥ere presented for di scussion in a final 
plenary session . Recommendations were considered by all participant s .  
The workshop report was prepared by BOSTID staff officer , Karen Bell ,  
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�HR l 

Need for Field Studies in Vector Biology 

Vector-borne di seases consti tute a major port ion of the burden of 
illness in tropical developing countries and continue to deter human 
set tlement and agricultural development in many areas . Al though 
progress has been made in the development of safe and effect ive drugs 
for diseases such as malaria , schi stosomiasis ,  and filariasis,  and 
despite the hope of  a mala ria vaccine within the next decade , 
large-scale prevention strategies will continue to rely for some time 
on control or reduction of the populations of insect s  or snail s  that 
serve as vectors or intermedia te hosts .  The last several decades have 
seen many successes i n  malaria control through periodic spraying with 
DDT residual insec ticide . However , in recent years some mosquito 
spec ies have developed resistance t o  DDT and o the r insect icide s ,  and 
many governments have slackened vector control effort s ,  re sulting in an 
alarming resurgenc e of malaria case s worldwide . 

The U . S .  government , the World Health Organization (WHO) , and other 
private , international,  and bilateral donor agencies provide hundreds 
of millions of dollars in assistance to vector control programs in 
developing countries each year . Nearly all program expenditures  are 
for the purchase of pesticides and spraying equipment , and for salaries 
for personnel . Very little of thi s assistance is  used to train 
qualified vector biologists ,  to support field research , or to employ 
vec tor control specialists  re sponsible for monitori ng program 
effectiveness on a full-t ime basis .  Thi s si tuat ion has  developed 
gradually over the last  20 years as a result of personnel practices in 
regional and global eradication campaigns directed against mosquito 
vectors of malaria and urban yellow fever . Ecologica l study of  vectors 
was viewed as  unnecessary , because application of sufficient amounts of 
pes ticides would soon reduce their  numbers t o  insignif icant levels and 
eliminate these di seases .  

HISTORY 

The first vector biologis t s  were the Scot , Patrick Manson , the 
Englishman , Ronald Ros s ,  and the Americans , Theobald Smi th and F . L .  
Kilbourne . Their  pioneering studies at the turn of the century on the 
mechanisms of transmi ssion of human filariasis and malaria and bovine 

- 1 -
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babesiosis led to  the ir independent realizations tha t disease reduction 
was best achieved by controlling the vec tor . Much has been learned in 
the 80 years since Ros s  f irst began t o  kill mosquitoes in Sierra Leone, 
and the successes have been dramatic , but the problems remain enormous. 
Currently WHO est imates that 1 . 8  billion people are at risk for acquir
ing malaria infection, 215 million people are af fected by chronic 
malaria ,  and 150 million new cases occur annually . The toll taken by 
other major vec tor-borne di seases is equally devastat ing; the list 
includes filariasi s ,  leishaaniasi s ,  trypanosomiasi s ,  the wide range of 
di seases caused by arbovi ruses,  and snail-nurtured schistosomiasi s .  

The studies of field-oriented vector biologists  from the developed 
countries in the 1930s and 1940s laid the groundwork for the worldwide 
control strategies tha t evolved after World War II . Persistent use o f  
pesticide s ,  sanita tion, and general improvement of health standards 
eliminated vector-borne diseases from much of the temperate and sub
t ropical world . At the same time , highly organi zed , centrally direc ted 
campaigns significantly reduced disease transmission in  several of the 
larger tropical countries outside tropical Africa. Many of the leaders 
of Aedes aegypti  and malaria eradication operations were physicians and 
engineers who functioned as entomologists .  Early successes wi th 
insect icides applied on a regular basis  by personnel organized under 
quasi-military discipline fostered the concept that basic biologic 
studies of vectors were not needed . In many developing countries 
professional entomologists  were subordinate to physicians who directed 
control operations . 

VECTOR CONTROL PROGRAMS 

Arthropod- and snail-borne diseases are re sponsible for an enormous 
amount of morbidity and mortality in the tropics .  In many tropical 
countries , vector control operations , where they exist  at all , have 
failed to reduce disease transmission. The current resurgence of 
vector-borne diseases is  a complicated phenomenon . Pesticide resistance 
in the vec tors , drug re sistance in the parasites ,  concern with environ
mental pollution , breakdown of control organizations , inflation in  
operational cost s ,  and changes in ecological conditions have all  
contributed to the increasing problems . However ,  in spite o f  the 
development of new drugs and a greater insight into the immunology and 
pathology of these disease s ,  vector control in mos t  cases remains the 
most cost-effective and of ten the only means of preventing them. 

Mass drug-treatment programs , environmental modifications or 
destruction of vec tor breeding sites,  and modifications of human habits 
all can be used t o  enhance the effectivenes s  of control strategies .  
The much-anticipated vaccines for the more important vector-borne 
diseases will still require significan t vector control programs , 
particularly if vaccine protection is  short-lived or animal reservoirs 
are involved . Of particular concern is the inadequate development of 
new ideas for vector control. The continued use of standard 
methodologies wi thout ongoing program analysis  has almost guaranteed 
program failure . Undetected development of insecticide resistance or 
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change s in vector behavior ensure continued disease transmission . 
Ineffec tive programs drain public health resources , produce no 
improvement in human welfare , discourage participant s ,  and are 
eventually abandoned . The programs are seldom re init iated , even af ter 
the reasons for failure are determined . 

There are urgent needs in virtually all tropical countries for 
investigations on vector biology as a basi s for both present and future 
control operations . Research is  needed to establish the biological 
characteristics of each of the sibling species in a vector complex and 
to determine the vectorial capacity,  life cycle , host preferences ,  
flight range , snd preferred larval habi tats o f  the actual or potential 
vec tors . Control operations must be tailored to the behavioral differ
ences of the vectors tha t occur from one count ry to another and t o the 
varying ecological conditions wi thin individual countries .  Control 
operations not based on accurate biological information likely a s  not 
will end up as  costly fa ilures .  The gaps in our knowledge of the 
biology of many important  vector species reflect s  both the shortage of 
trained professionals to  implement such studies and the failure of 
ministries of heal th and other authorities  t o  recognize the need for 
them and ensure that such studies are carried out . Examples of such 
stud ies and their  relevance to con trol programs follow. 

Vector Identificat ion 

The identification of the primary and any secondary vectors i s  
obviously a fundamental step i n  planning a vector-borne disease control 
campaign . In some geographic areas ,  the ident ity of the vector of some 
diseases and , in fact , the question of whether there is a vector 
remains unanswered . Thi s i s  the case for several viral diseases , 
including Ri ft Valley fever and ·some of the arenaviruses .  The 
discovery that some of the mos t  important vec tor species  are actually 
complexes of sibling species ,  each wi th a ra ther different biology , 
vectorial capacity ,  and susceptibility  to insecticide s ,  has had 
important consequences for control programs . Examples are the malaria 
vectors Anopheles maculipennis ,  An . gambiae , and An . balabacensi s ,  and 
the onchocerciasis vector Simulium damnosum . 

Vector Dis t ribution 

In planning a vector-borne di sease control program it  is  essential to 
know not only the dis tribution of  the disease but the distribution of 
the vectors ,  potential vectors ,  and reservoirs . Armed wi th thi s 
information , authorities can be prepared for outbreaks of disease 
throughout the vector's range.  Surveys to obtain such information must  
be carried out  frequently as  vec tor distribution i s  dynami c and changes 
often , sometimes as  a result of ecological changes caused by man .  For 
example , surveys carried out wi thi n the las t  year in Colombia have 
shown that � aegyPti  i s  found in  areas and at  altitudes from which 
it has never previously been reported , thus considerably extending the 
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areas in tha t country a t  risk t o  dengue , dengue hemorrhagic  fever , and 
urban yellow fever--a s well as the areas in  which vector control 
operations must be carried out . 

Population Densities 

In moat  cases the presence of a given vector species is  a threa t to  
public health only i f  the density of the species i s  high enough to  
sustain transmission of di sease . Indices of  population densities can 
be an important measure of the degree of control be ing obtained , 
however; in the case of the oriental ra t flea , Xenopsylla cheopia ,  the 
index is a partial measure of the degree of risk of  plague transmission . 
Density information can be crucial t o  the guidance  of control programs; 
knowledge of when vector densities are likely to rise or fall as a 
result of temperature or humidity changes will help predict the 
greatest periods of ri sk for disease transmission and will guide deci
sions on control . Some forms of  biologic and genetic control require 
s tudies of absolute densities per given geographic area , often as a 
part of establishing life tables for the vector . 

Host-feeding Patterns 

Some important vector species  such as  Culex tritaeniorhynchus and 
Anopheles aconi tus are primarily zoophilic . Ye t their populat ion 
densi ties are so grea t that the small proportion of the population that 
feeds on man is more than adequate to ensure transmission of disease . 
Where there i s  an animal reservoir , the fact that the vector feeds on 
both the reservoir species and man ensures completion of the animal 
reservoir/mosquito  vector/human hos t  cycle . Even knowledge of  which 
species are ent irely zoophilic is  of importance in excluding them as 
potential threats and therefore targets in a vector-borne disease 
control program . It is also essential to learn the extent to which a 
particular vector species obtains i t a  blood meals from more than one 
variety of mammal, and the relationship of blood feeding to parasite 
development . 

Res ting Si tes 

Determining whether the vector species  under study rest s  indoors or 
outdoors will be relevant both in assessing its vectorial capacity and 
in deciding on the moa t  effect ive control measures . Some known mosquito 
vectors such as An .  balabacenais  and many Aedes species rarely , if ever ,  
rest indoors and-sire thus not  subjec t  to  control by  residual insecti
cide applications to wall surface s .  With some species of Glossina,  the 
outdoor resting sites are known and are so circumscribed tha t adequate 
control can be obtained by applying insect icides to trees or plants 
within the height limi ts  i n  which Glossina are known to  rest . 
Generally , the more specific the knowledge of the adult resting place , 
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the more speci f ic the control measures can be , wi th concomitant saving 
in cost and environmental contamination . 

Flight Range 

The distance a given vec tor may fly after its  emergence from its  larval 
habitat may vary from a few dozen meters , as in the case of Phlebotomus 
sand flies ,  to more than 300 km in flies of the S .  damnosum complex . 
Vec tor control programs mus t  consider flight range when determining the 
extent of the control barrier to be created around the area to be pro
tec ted . Mark/release/recapture studies use a va riety of physical 
markers such as dust s ,  paints , and radioactive tracers ( e . g . , p32 or 
even biological markers such as eye color mutant s ) , The Onchocerciasis 
Control Programme in We st Africa is  devot ing considerable attention to 
investigation of Simulium flight range , A sound knowledge of biology , 
s tatistic s ,  and gene tics are necessary to carry out these studies .  

Larval Biology 

Adequate knowledge of the preferred larval habitats of vec tor species 
or pest  specie s of mosquitoes will  determine whe ther tha t stage i s  
subject t o  effec tive o r  economic control . Many important mosquito 
·vector s ,  i ncluding An. gambiae spp . , An . arabiensi s ,  and An ,  
balabacensis , breed for the most  part in multitudes of small rain 
pool s ,  making larvicidal measures quite impractical . Others , including 
An .  sinensis , An .  aconitus , and Cx. tri taeniorhynchus , breed over such 
large areas of rice fields in the West ern Pacific and Southeas t  Asia 
that control by larvicides would be uneconomic , In Asia and the 
Americas ,  Ae. aegypt i  breeds primarily in  man-made containers and is  
therefore subject to  efficient control by larvicidal or environmental 
measures aimed at eliminating its  breeding places . Information on 
larval biology , especially life cycles , is  e qually important in vectors 
other than mosquitoe s ,  and such information determines where and wi th 
what frequency chemical or biological larvicides can be applied against 
black fly vectors  of disease or Simulium pes t species , or whe ther 
larvicidal control is not feasible at all , as is the case with tsetse 
or Phlebotomus . 

VECTOR BIOLOGY FIELD RESEARCH IN SELECTED DEVELOPING COUNTRIES 

Workshop participants from developing countries were asked to prepare 
brief papers on the current status of vector biology field re search and 
t raining in the ir own insti tutions . The following sections were 
adapted from papers pre sented by na tionals from Brazil , Indonesia , and 
Tanzania , in addition to a paper about India sent by Dr . Rajagopalan 
(Director, Vector Control Re search Center , Pondicherry) , who was unable 
to attend the meeting .  
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Brazil 

Approximately 40 percent of Brazil's 120 million people living in rural 
areas are at risk for one or more vector-borne diseases; schistosomia
sis , Chagas disease , malaria , plague , and some arboviruses remain 
significant threats . Successful campaigns to eliminate yellow fever 
and malaria from the cities were conducted in the early part of this 
century . A division of  the national ministry of  health ( SUCAM) is 
re sponsible for carrying out epidemiologic s tudies and activities to 
control endemic communicable diseases , including vector studie s .  Very 
little vector field research is sponsored by SUCAM or other government 
agencies beyond basic studies for monitoring insect icide resistance or 
for taxonomic purposes . 

Despite the availability of excellent research fac ilities and ento
mologic collections in several state s ,  few Brazilian entomologist s are 
entering the field as a scientific career� An older generat ion experi
enced in vector campaigns has not been replaced; foreign scientists  
must be imported to deal with the most  complex vec tor problema . 
University graduates in biology prefer to concentrate in laboratory
based disciplines or enter commercially attractive fields related to 
agriculture . Only one institution offers a graduate-level regular 
course on medical entomology; it i a  attended by approximately 15 stu
dents from Brazil and o ther Latin American countries for 4 months each 
year.  Job opportunities for professional entomologists to teach , 
conduct research , and direc t vector control programs are almos t non
existent as a result of hiring policies in the ministries of health and 
higher education . 

India 

An estimated $200 million is being spent annually in India on malaria 
control programs ,  a large proportion of  which ia for import of 
insecticides and antimalaria drugs . In spite  of  this large financial 
commitment , li ttle success in combating malaria has been reported . The 
National Malaria Eradication Programme i s  also in charge of control of 
two other vector-borne diseases , namely , Japanese encephalitis (epidem
ics of which occur periodically i n  different parts of India ) and 
filariasis (about 300 million people a re living in endemic areas and 
are exposed to the risk of infection) . 

Only since 1975 have effort s been made to recruit more entomologists 
for vector control programs; there are currently 72  unit s  ( in the 
National Malaria Eradicat ion Programme ) wi th entomology positions . 

In 1975 the Indian Council  of Medical Research,  recognizing the 
need for continued research on vector biology and control and to 
develop manpower , established the Vector Control Research Centre in 
Pondicherry , and the Malaria Research Centre in New Delhi . These two 
institutions , along with the National Inst i tute of Virology at  Poona , 
are at present carrying out in-depth s tudies on the biology of many 
vector species .  Individual scientists  in many research institutions 
and universities have been conducting laboratory and academic research 
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on such topic s as cytogenetic s ,  translocat iona , and the biochemical 
basis of insec ticide resistance--topics that have lit tle relevance to 
t he immediate needs of the country for the control o f  vector-borne 
disease s .  Field research ha s virtually gone out of fashion , ma inly 
because of lack of facilitie s ,  incentive s ,  mot ivation , and career 
opportuni tie s .  

Many research ins ti tut ions are now attempting to create opportuni
ties for research and to provide career s tructures . There are also 
proposals to start a master's course in medical entomology , with 
emphasis on field-oriented applied research . However ,  it will take 
several years before a trained cadre of vec tor biologists is available . 
In India and in o ther developing countrie s ,  vec tor control i s  linked 
with disease control organizat ions , where a medical degree is requis ite 
for career advancement to positions of prestige and substant ial 
admini strative re sponsibility . 

There is no established research component in the vector-borne 
disease control programs ,  and moa t  of the i r  strategies are baaed on old 
theories or on advice from internat ional organizations . Research 
f indings are not readily accepted and do no t tend to  be fed into 
operational programs . As a result , many relevant findings on f ield 
aspects of research on vec tor biology and control remain of academic or 
theore tical interest only . 

Indonesia 

Vector-borne diseases such as malaria , filarias i s ,  schistosomiasis , 
plague , and dengue hemorrhagic fever are still a problem in Indonesia . 
An es timated 90 percent of the entire budget for communicable disease 
control is  spent on vector control . Indonesia consists of over 1 3 , 000 
islands , each with i t a  own ecosystem that differs from one island to 
the other , resulting in va ried fauna and flora . Vec tor behavior and 
ecology also differ from one island to another,  a major reason why 
vector control programs have no t been very effective . Integrated 
control measures should be initiated , but much research is needed to 
develop control technologies applicable in each ecosystem . Studies 
should include development and testing of  local and appropriate 
technologies and consideration of  human behavior and other socio
economic factors . 

In 1969 the National Institute of Health Research and Development 
was established . Scientist s--including entomologists , parasitologist s ,  
mammalogiata ,  and acarologia ta--are currently involved i n  vector biology 
research at the insti tute's Biomedical Research Centre and Heal th 
Ecology Research Centre . Al though some career opportuni ties exist , it 
is  difficult to  find qualified candidates  wi th research aptitude . A 
cadre of scientists is be ing built up gradually through adequate train
ing both in and outside the country .  

The Health Ecology Research Centre currently has only 2 Ph . D . a ,  2 
M . Sc . a ,  and 8 graduate degree holders--a staff that i s  insufficient to 
meet na tional needs . Indonesia's many islands and 147 million people 
require dedicated scientists  wi th expertise in different field s .  
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Minimum personnel requirement s in the coming 5 years are estimated as  
follows : 

3 specialists in mosquito ecology 
2 specialists  in disease transmission dynamics 
1 taxonomist 
2 specialists in insecticide appl icat ion 
2 specialis t s  in noninsecticidal control me thods 
3 specialists in mammal ecology 
2 specialis t s  in zoonotic disease transmission 
3 taxonomists (mammals , ectoparasite s ,  and endoparasi tes ) 
1 arbovirus specialist  
1 veterinarian 

Tanzania 

Wi th an area of 945 , 000 km2 , Tanzania is one of the largest countries 
in Africa . It  is also among the poorest  25 countries in the world . 
Many vector-borne di seases are endemic , including malaria , bancroftian 
filariasi s ,  trypanosomiasis ,  onchocerciasi s ,  endemic relapsing fever , 
schistosomias i s ,  and arboviruses .  The enormous range in latitude , 
alti tude , and proximity to the sea or inland lakes gives ri se to 
varying rainfall and vegetation patterns , which in turn lead to 
ecological stratification . These factors inevi tably influence , to 
varying degrees ,  vector habits  and habitat s .  Recent soc ioeconomic 
changes such as urbanization, irrigat ion , deforestation , and creation 
of man-made lakes greatly influence insect vector populat ions , both 
quantitatively and qualitatively . Studies relating to these activities 
are essential to achieve a bet ter unders tanding of field vector 
biology , ecology , epidemiology , and vector control . 

Field research in vector biology and control in Tanzania i s  
undertaken by several national institutions such as  the National 
Institute for Medical Research ( NIMR) , the Tanzania Livestock Research 
Organization (TALIRO) , the Tropical Pesticides Research Insti tute 
(TPRI) , the Universi ty of Dar es Salaam , and the Ministry of Health ( by 
the onchocerciasis  research team stationed in Tukuyu) .  The National 
Inst itute for Medical Research, established in 1980,  inheri ted the 
research facilities at Amani and Kwanza previously overseen by the Eas t  
African Medical Research Council . Much of  the good quality field 
research undertaken at both centers had almost  co.e to an end in  the 
late 19 70s--the expatriate European staff left , and the overwhelming 
majority of the Tanzanians left behind lacked sufficient experience to 
conduct independent research , The new insti tute's principal efforts in 
the last 2 years have concentrated on revitalizing these centers .  

Current field research includes genetic and behavioral s tudies of 
malaria and filariasis vectors , the ecology of Simulium , and snail 
population genetics . Ticks and tsetse fl ies , two important livestock 
disease vector s ,  are also being investigated . In general ,  many of the 
field research activi ties in Tanzania over the last few years have 
lacked high quality , mainly because there are only a few researchers 
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and moat are inexperienced . They lack expert training and guidance aa 
well aa litera ture , equipment , and even supplies . There ia  some hope , 
however , that  the creation of the research institute in 1980 will 
correct these very grave deficiencies and build needed linkages to 
vector control programs.  

There are very few vector biologists in Tanzania,  and they usually 
cannot be recruited through advertisements .  The National Institute for 
Medical Research baa therefore begun to recruit fresh graduates with 
bachelor of science degrees from the University of Dar ea  Salaam , which 
ia Tanzania's only university. These recruits  will spend a year  
becoming famil iar with NIMR studies before being sent to a university 
outside the country to pursue master's or doc toral course work. Field 
research for a Ph . D .  degree will be undertaken in  Tanzania under the 
supervi sion of the NIMR and foreign faculty with African experience . 
By the end of 1985 the NIMR hopes to have 6 entomologists who have 
c ompleted at least the K . Se .  degree . At present only the director of 
NIKR haa a doctorate in medical entomology . 

Field re search on vec tors baa become very difficult to undertake 
without support from foreign donor agencies . Unprecedented inflation 
and an almost total lack of foreign exchange have forced the government 
to cut back on moat development project s ,  i ncluding medical research , 
a lthough there have been no reductions in allocations to agriculture 
and related research .  The financial eriaia  haa also affected the local 
availability of  laboratory supplies . Some years ago , many supplies 
could be obtained from local dealers , but their  atoeka are now depleted 
and these itema must  be imported with scarce foreign exchange . The 
same situation applies to equipment , glassware , and literature . 
Gasoline , when available , ia costly at the official price of  US $1 per 
l i ter . 

NEED FOR U . S .  SCIENTISTS IN VECTOR BIOLOGY RESEARCH AND CONTROL 

Collaborat ion wi th Developing Countries 

Many U . S .  scientists have spent long periods of  t ime abroad working in 
vector research and control , beginning on a large seale in  the 1930a 
with federally funded bilateral assistance to malaria programs and the 
Rockefeller Foundation's research centers in malaria and arboviruaea .  
From 1950 t o  the present , the u.s. Agency for International Development 
(USAID) haa contributed close to $1 billion in support  of overseas 
malaria programs . In the mid-19 60a this support peaked , with 70 u.s. 
malaria advisors stationed in 3 7  different countries . Today USAID haa 
only 3 career positions for malaria advisors and provides malaria 
program assistance to fewer than 10  developing countries . Other u.s. 
agencies have scientists stationed overseas or support vector field 
research conducted by Americana in developing countries . 

U . S .  involvement in tropical vector biology problema baa shifted 
away from providing resident technical advisors who monitor bilaterally 
funded control operations and toward smaller seale scientific 
collaboration wi th counterparts from developing countries . Such 
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counterparts have of�en been trained i n  u.s. institutions but are not 
necessarily working directly with operational control programs . The 
chief result of these changes has been a drastic reduct ion i n  the 
number of U . S .  vector biologists with field research experience related 
to control programs . 

Donor agencies such as the World Health Organization,  the World 
Bank, and USAID should be able to call on highly skilled and 
experienced experts for a wide range of advice in planning and evaluat
i ng programs they sponsor . At the same time , they must expect that 
these complex programs will be implemented and supervi sed by equally 
competent personnel .  Neither situation exists today . These agencies  
repeatedly engage a handful of qualified consultants for  sbort-tera 
assignments to assist vector control organizations in developing 
countries in preparing project proposals or to evaluate progress 
achieved and recommend changes .  Expertise in the donor countries has 
been diminished by retiremen t without replacement . Expertise in the 
recipient countries has seldom existed . Lack of trained vector 
biologists in the administration of  these f ield programs has made 
communication between donor and recipient difficult and implementation 
of  new technologies often impossible . It is important to note that the 
$140 million spent annually in Latin America by national govern.ents oo 
malaria control programs does not include full-time staff positions for 
qualified vector biologi sts to  be involved in  their  planning , 
implementation, or application of research findings in the field . 

Universities in the United States and other industrialized 
countries appear increasingly unable to respond to the challenge of 
greater involvement in  field-oriented vector biology research and 
training in the tropics . Al though numerous institutions already 
support a wide range of programs in vector biology , most of these 
programs are primarily laboratory oriented . Field opportunities are 
usually limited to studies of  domesti c  vector species . Only a few 
research centers in the developed world support overseas activities io 
vector biology and disease control in developing countries . However, 
most  of these centers lack personnel with experience and primary 
interests in overseas field research . The difficulties in recruiting , 
training , and supporting such individuals will be di scussed at length 
in  subsequent chapters of this report . 

Domestic Needs in Vector Biology Research and Control 

The usual or "traditional" demands for vec tor biology field research in 
the United States emanate from a variety of institutions and agencies 
with differing charges and responsibilities . The levels o f  research 
activity and the settings in which they take place may be equally 
variable . Participants investigating basic aspec ts  o f  vector biology 
may include the staff of  whole laboratories , small teams , or single 
individuals employed by academic institutions or such federal agencies 
as the Centers for Disease Control , the National Institutes of Health, 
the U . S .  Department of Agriculture , and the u.s. Army . Other 
specialists may be found within state health departments and univer
sities . Studies of an applied nature may also be addressed by these 
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scientists as well as by members of mosquito  abatement districts and 
industrial research groups , 

A number of mosquito-transmitted viruses in North America pose a 
significant public  heal th threat . Equine encephalitis,  which is often 
fatal to horses and humans , may have an epizootic cycle involving 
rodents and birds . St . Louis encephalitis infections are widely 
d istributed in the Uni ted States ,  as are i ts Culex vec tors , Of 
considerable concern is the increasi ng prevalence-in the United States 
of Aedes aegypti , the major vector of dengue and dengue hemorrhagic 
fever virus strains; dengue has caused epidemics and many deaths in 
recent years in the Caribbean and has recently reentered Texas , 

Ticks have also become increasingly important due to the movement  
of population to suburban-rural environments and the increase o f  
outdoor recreational activities in  rural settings . Rodent-associa ted 
pa thogens, transmit ted to humans by fleas , continue to be important in 
bo th rural and urban environments . Cockroaches also may contaminate 
food with enteropathogenic agents and also produce allergenic 
substances . In addition to vectors , o ther arthropods may also be of 
public health importance , Trauma assoc iated with insect stings and 
their venoms is a significant , often life-threatening heal th problem.  
Hypersensitivi ty to insec t bites may const itute a serious problem and 
require expensive treatment . 

Vector biology and control studies in the United States can be 
viewed as a balanced continuum , reaching from the field to a laboratory 
setting .  Field study topics usually emphasi ze key ecological aspects 
of  vector species and may include natural history , populat ion dynamics , 
and surveillance for vector potential. Vector control studies may 
emphasi ze evaluation of technology or potentially useful insecticides 
and biological control agents . Complementary laboratory studies that  
make use of field material include collection of specimens for 
systematic taxonomic studies , identification of potential vec tor 
species , pathogen evaluation as par t  of an  organized survei llance 
program , and initiation of laboratory colonies . The availability of 
such biological materials in a controlled environment provides further 
research opportunities in vector competence , physiology , and genetics.  
Also , by correlating field and laboratory observat ions ,  life-table 
statistics and populat ion models can be generated by computer for 
planning of control operations . 

The need for vector taxonomy and the availability of systematic 
collections canno t be overemphasized , for the success of both research 
and control programs relies heavily on the careful identification of 
species and species complexes .  There i s ,  however , a growing sho rtage 
of qualified taxonomists in all areas of biology , and the training , 
recruitment ,  and career opportunities for such specialists have been 
diminishing during the past decade . The problems associated with the 
paucity of systematists, many of whom are needed for vector control 
programs , have been of major concern to members of the U . S .  Association 
of Systematic Collections and its Council on Applied Systematics 
( CAS ) .  The CAS is now actively exploring methods by which training and 
career developmen t of systematists , including those concerned wi th 
vector species , can be revitalized . 
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As noted above , the needs for vector biologists  are varied and 
often interrelated . In addition to their research ac tivities ,  these 
scientists may be involved as teachers or advisors to health  agencies. 
Traditional  teaching needs occur at  both the university and federal 
levels . Certain segments of industry ,  state  and municipa l  health 
departments , mosquito abatement districts ,  and snail control regions 
also require the advisory and supervisory services of trained vector 
biologists . 

INTERNATIONAL ASSESSMENT OF THE PROBLEM 

Workshop participants concluded that field research in vector biology 
is needed (1 )  sa an integral part of control efforts to monitor the 
response of vectors and devise alternate control strategies , ( 2 ) to 
conduct surveillance of known or potent ial disease vectors , and ( 3 )  to 
develop and test new approaches for vector control . The numbers of 
f ield-oriented vector biologists are currently below the cri tical level 
required to address worldwide problems o f  vec tor-borne diseases . 
Participants therefore stressed the immediate task of training the next 
generat ion of field researchers , especially the core groups who will  be 
able to provide scientific leadership and serve as role models in 
developed and developing countries . 

In developing training strategies for medical entomologists , 
mslacologia t a ,  and vector control specialists in the tropics ,  public 
health agencies and donor organizations need to assess realistically 
present and future manpower needs . Such an assessment should include a 
survey of the number of medical entomologists and malacologist s 
required f or the study and control of vector-borne diseases , as well as  
an examination of  factors contributing to the  disparity between the 
number actually employed and that required . Coats of vector control 
programs in local currency and foreign exchange should be calculated 
carefully . The programs should be considered wi th regard to their  
known effectiveness or the consequences of failure to maintain them. 
In each country , projections should be made for numbers of  entomologists 
and malacologists needed for teaching and conducting research at  
universities, operational research laboratories under ministries of 
health , for the administration of  operational programs at  a central 
leve l ,  and in the supervision , implementation , and evaluation of field 
control programs . 
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CHAPTER 2 

Training 

For the medical entomologist or vector biologis t ,  basic academic 
training in a broad range of subjects must be coupled with opportuni
ties for applying this knowledge to vector populations in the field . 
Until laboratory-developed information can be regularly applied to the 
f ield setting , new control methodologies will not evolve . The interplay 
between laboratory and field must be emphasized , and greater opportuni
ties for training in field research must be provided . Only then can 
today ' s  problems be addressed and the individuals necessary for 
training the next generation of vector biologists be developed . 

Field-oriented re search on the biology and integrated control o f  
disease vectors must be conducted primarily in countries where these 
diseases remain a major problem . In contrast , academic training of 
medical entomologists and vector biologists  can take place both in 
developed and developing countries . There is  a growing realization 
that there is a diminishing number of U . S .  medical entomologists and 
institutions with re sources ,  expertise , and tropical experience to 
adequately train new vector biologists (both u.s. and foreign) . In the 
less developed countries , the needs are much greater and the deficien
cies are even more acute . 

If the Uni ted State s  is  to help developing countries to strengthen 
their capacity to properly train and meaningfully employ scientists in 
vector control and disease research projects , it must first act to 
strengthen its own vector biology resources .  A strong program in 
research and training in medical entomology would allow the United 
States to fill its own needs , meet its overseas commitments , and 
provide training to scientists  from the developing world . This  section 
analyzes training and research programs in medical entomology and 
vector biology currently under way . 

VECTOR BIOLOGY AND MEDICAL ENTOMOLOGY TRAINING 
IN THE UNITED STATES 

Vector biology training as a discipline in the United States finds 
itself divided among three distinctly di fferent academic settings :  
departments of entomology at land-grant universitie s ,  schools of 
medicine or public health , and departments of biology . In an attempt 
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to better characterize these programs and assess the ir relative 
weaknesses and strengths, three surveys were conducted independently by 
workshop participants prior to the workshop . The f irst  ( Eldridge) 
focused on the land-grant insti tutions; the second ( Spielman) queried 
the medical schools ,  schools of  publ ic health,  and department s  of 
biology; and the third survey (Gwadz) examined institutions wi th proven 
recorda for training vector biologist s ,  the ir faculti e s ,  programs ,  
opportuni ties for field research, current students , and recent 
graduate s .  There was significant overlap among the three surveys , and 
from them emerged a clearer picture of medical entomology and vector 
biology training in the United State s .  

Land-Grant Institutions 

Land-grant institutions are those so designated or created by the Land 
Grant College Bill (Morrill Act )  of 1862 . The bill awarded large 
tracts of land to the states to serve as the financial foundat ion f or 
the creation of colleges; thus the term "land grant . "  The Hatch Bill 
of 1 887 authorized the development of state agricultural experiment 
stations and provided a regular source of research funds for their 
operation .  

Moat o f  the state experiment stations conduct entomological 
research within departments of entomology . Despite the ir princi pal 
mandate to conduct research aimed at increasing food or fiber 
production, experiment stations have traditionally conducted research 
to improve human health through improved sani tation and nutri t ion and 
cont rol of vector-borne human and animal diseases .  It is important to 
note that the major textbooks in medical entomology in thi s  century 
were wri t ten by faculty members at land-grant institutions . 

Because arthropod pests and vector-borne disease s can significantly 
affect animal population s ,  research on vectors at the experiment 
stations has been stronger in veterinary than in medical entomology .  
Moreover , emphasi s  i n  medical entomology and vector biology ha s been  on 
vec tor field biology and control. Because "service to the state"  is a 
primary mandate of faculty members in the land-grant system , research 
emphasis has been on pest and vector species of local or regional 
importance . Few of these departments  have developed overseas research 
programs on vectors of tropical diseases.  

Of  the 51 land-grant institutions identified for the mail survey, 
44 responded to a questionnaire regarding the ir programs in vector 
biology and medical entomology (see Table 1 and Appendix B) . Thirty-one 
departments said that they offered opportunities in vector biology 
research and training , although only 23 o f  these both offered speci fic 
courses in medical entomology and employed a medical entomologist with 
an active research program on vectors .  Of these 23 department s ,  13 
have a recent history of training significant numbers of vector 
biologists , and only 7 have more than 1 faculty member involved in  
vector biology re search and training ( see Table 3 ) . 

Formal course work leadi ng to the master's or doctoral degree in  
entomology in the various land-grant universities emphasizes , by design , 
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TAJIU 1 Proar- ia Vector liolo&J J'ielcl leeurch eocl 'lreilliD&, Laoci-GreDt Iutitutioae 

CourM iD 
lleclicel or 
lleclicel/ 

State/ Ioclic:atecl l'heJ" Veteriaal'J" leaurch 1D 
Territor,. IutitutioD Bed a Proaru IDt....,lO&J" Vee tor lioloiJ" 

Alabau AuburD lJDheraitJ" )'Da )'Da ,... 
ArlraDUa , lllliftrait)' of ArlraDUa )'ea ,. .. ,. .. 
CaliforDia liDh. of Calif . /larlraleJ" ,... ,... ,... 

Ulliv. of Cali f . /Davia )'08 ,. .. )'ea 
Ulliv. of Ca11f . /11ftraicla )'Da ,... )'Da 

Colorado Colorado State lllliftraitJ" ,. .. ,..a DO 
Delavan UDi veraitJ" of Delavara , .. )'ea )'08 
J'loricla liDi verai tJ" of J'loricla ,. .. )'Da , .. 
Georaia UDiverait)' of Georaia DO ,... DO 
BevaU Ulliverait)' of BevaU DO , .. DO 
Idaho Uaiftrait)' of Ideho DO DO ,... 
Ill1D01a liDi veraitJ" of I111D01 a )'a8 ,..a J"8a 
IDdiaaa Purdue 11111 varai t)' )'ea )'88 DO 
Iowa Iova State UlliftraitJ" J"D8 , .. ,..a 
Kauaa leDaa8 State liDivarait)' DO DO DO 
KeDtuckJ" DDiftraltJ" of leDtUCk)' ,. .. ,..a DO 
Louiaiaaa Louiaiaaa State lllliftraitJ" JD8 ,..a )'ea 
llaiae lllliftrait)' of Haiae )'aa )'ea DO 
Hal'J"laad lJDivera itJ" of Hal'J"laacl , .. )'ea DO 
HaaMcbu8etta Ulliver81tJ" of HaaMchuaett8 J"8a J"D8 )'88 
IUchi&aD IUchipD State UlliveraitJ" )'8a )'ea )'88 
IUDDa80ta Ulliftrai tJ" of K1Daa8ota ,. .. ,... )'08 
1Ua81aa1ppi Miaaiaaippi State Ulliv. )'88 )'88 )'88 
MoDtaaa lloDtaaa State lJDiftrait)' DO DO DO 
llebra8lra UlliftraltJ" of lie braalra DO DO DO 
!lev Bupahin liDiv. of llev Bupahire DO ,..a )'ea 
!lev llezico Rev Mexico State lJDiftrait)' DO DO DO 
!lev York CorDell lJDi varait)' J"88 )'aa )'08 
llorth Caroliaa Rorth Caroliaa State lJDiv. )'ea )'ea )'88 
llorth Dakota Rorth Dakota State Uaiv. DO J"D8 DO 
Ohio Ohio State UDiftraitJ" ,..a )'aa ,... 
Oklehou Oklahou State liDiftraity DO )'ea DO 
o...aoa OreaoD State Uaiftrait)' )'a8 )'88 )'88 
PeDUJ"lvallia PeDD8)'1YaDia State Ulliv. , .. ,. .. J"88 
Puerto lico Ulliftnlt)' of Puerto lico )'88 DO DO 
South Caroliaa lJDi v .  of South Caroliaa J"8a )'ea ,..a 
Teaae•••• UaiftraitJ" of TeDaa8Ma J"D8 )'ea JD8 
Taua Tau8 MM UlliveraitJ" ,..a yea )'a8 
Utah Utah State UaiveraitJ" )'ea )'e8 DO 
VaraoDt lJDiveraity of VeraoDt DO DO DO 
Viraillia Viraillia Pol)'tachllic Iu t .  DO )'08 DO 
WaahiD&tOD Wa8h1D&toD State Uah . )'ea )'ea DO 
We 8 t  ViraiDia Weat Vir&illia liDift rait)' DO JD8 )'Da 
WiacoDaiD lJDiftrait)' of WiacoDaiD )'a8 yea )'08 

ROTE : laaed OD que8t1oaaaire-xcludea thoae DDt ra8pODdiD&• 
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traditional ento.ology courses . Clearly lacking in moat  o f  these 
programs are courses ( for example , virology, parasitology , and 
bacteriology) that relate to the pathogenic organisms transmitted by 
arthropods . Epidemiology and pathology are seldom taught even where 
collaborative programs have been developed between ento.ology , biology, 
and veterinary medicine departments within the same universi ty . 
Training is usually very strong in the control aspects of vector 
biology, but, with few exceptions , the medical side of "medical" 
entomology is deficient.  In  most  case s ,  the graduates of land-grant 
universities are trained primarily as vector biologists aad re9uire 
additional training to develop expertise in the medical aspects  of  the 
science . 

Schools of Public Health and Schools of Medicine 

Medical entomology programs in several schools of public health or 
medicine were developed in recogni tion of the critical role played by 
arthropoda as vectors of many of the world's moat  important infectious 
diseases . Spielman sent questionnaires to 17 health science depart
menta regarding the current status of thei r  programs in medical · 

entomology . Of the 15 responses ,  only 7 departments within schools o f  
public health or medical schools indicated that they have act ive 
programs leading to advanced degrees in medical entomology ( Table 2) . 
Two new programs , the University of South Carolina School of Public 
Health and the Uniformed Services Universi ty of the Health Sciences , 
have been established but do not yet have full-time students . At 
Tulane , a currently dormant malariology program anticipates expansion 
in the near future . The University of Maryland Medical School in 
Baltimore operated a major medical entomology research facility in 
Lahore , Pakistan, for more than 20 years . Recently funded once again , 
the University of Maryland program expects to restore the station and 
increase research in the epidemiology of vector-borne diseases . 
Coupled with the department's strong interests in rickettsiae and their 
vectors , Maryland shows promise for developing an important program for 
future training of field-oriented medical entomologists . 

The traditional departments  of public health and medicine at 
Harvard , Yale , Johns Hopkins , and the University of California at 
Berkeley and at Los Angeles continue to  support programs i n  medical 
entomology . In addition to programs for doctoral students and post
doctoral fellows , they regularly offer courses in medical entomology 
and the epidemiology of vector-borne diseases to public health workers 
studying for master of public health (MPH) degrees in thei r  schools .  
The Yale program i n  medical entomology and arbovirology i s  the largest 
in this group with 7 faculty members indicating interest in vector
borne diseases and their  transmission and control . The Old Dominion 
University/Eastern Virginia Medical University has a long-standing 
focus on ticks and t ick-borne diseases; this program has awarded a 
number of master's degrees and has recently initiated a Ph . D .  program. 
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TABLE 2 Medical Entomology Training Programs 

Insti tution 

Schools of Public Health or Medicine 

Arthropod-Borne Di sease Re search Unit 
Department of Biomedical and 

Environmental Health Sciences 
School of Public Health 
University of California 
Berkeley , CA 94720 

Laboratory o f  Medical Entomology 
Department of Imaunology and 

Infectious Diseases 
Johns Hopkins School of Hygiene and 

Public Health 
615 North Wolfe Street 
Baltimore , MD 21205 

Department o f  Tropical Public Health 
Harvard School of Public Heal th 
665 Huntington Avenue 
Boston, MA 02115 

Infectious and Tropical Disease Sect ion 
Division of Epidemiology 
School of Public Health 
Universi ty of California 
Berkeley , CA 94720 

De partment of Tropical Medicine 
and Parasi tology 

Louisiana State University 
Medical Center 

1542  Tulane Avenue 
New Orlean s ,  LA 70112 

De partment of  Biological Sciences 
School of Sciences and Heal th Professions 
Old Dominion University/Ea s tern 

Virginia Medical School 
Norfolk, VA 23508 

International Center for Public Health Re search 
School of Public Heal th 
University of South Carolina 
Pos t  Office Box 699 
McClellanvi lle , SC 29458 

Program Status 

Ac tive 

Active 

Ac tive 

Ac tive 

Latent 

Active 

Developing 
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TABLE 2 Medical Entomology Traini ng Progr ... (Cont inued) 

Iutitution 

Schools of Public Heal th or Medicine 

International Health Program 
Universi ty of Maryland Medical School 
10 South Pine Street 
Baltimore , MD 21205 

Malariology Program 
Department of Tropical Medicine 
School of Public Health and 

Tropical Medicine 
Tulane University 
1430 Tulane Avenue 
New Orleans , LA 70112 

Department of Preventive Medicine/Biometrics 
Division of Tropical Public Health 
Uniformed Services University of the 

Heal th Sciences 
School of Medicine 
4301 Jones Bridge Road 
Be thesda , MD 20814 

Section of Medical Entomology and 
Yale Arbovirus Research Uni t  

Department of Epidemiology and Public Heal th 
Yale University School o f  Medicine 
333 Cedar Avenue 
New Haven,  CT 06520 

Departments of Biology 

Acarology Labora tory 
Department of Biology 
Georgia Southern College 
Statesboro , GA 30458 

Department of Biological Sciences 
University of Illinois - Chicago Circle 
Box 4348 
Chicago , IL 60680 

Vector Biology Laboratory 
Department of Biology 
University of Notre Dame 
No t re Dame , IN 46556 

Program Status 

Active 

Now dormant ; 
expansion 
anticipated 

Developing 

Ac tive 

Ac tive 

Active 

Ac tive 
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Because of the ir location in schools of public health or aedicine , 
these training programs provide their s tudents with a uni que oppor
tuni ty to interact wi th clinicians and o thers involved in tropical 
medicine . Epidemiology of infectious diseases forms an important part 
of the aedical entomology curriculum. Available courses tend to 
emphasize diseases ( for example , malari a ,  filariasis ,  arbovirus infec
t i ons ) . The major curriculum deficiency is the lack of formal course 
work in entomology and vector ecology , which poses a serious problem 
f or students who have not had adequate exposure to traditional courses 
in entomology . In these schools the medical aspec ts of medical ento
aology often far outweigh ins truction in basic entomology . 

The impact of these schools in pre sent ing concepts of medical 
entomology to MPH candidates cannot be underestimated . Many of these 
graduates go on to assume high adainis trat ive of fices in national and 
international heal th organizations and can significantly influence the 
employment and deployment of medical entomologists in their native 
countrie s .  

Departments o f  Biology 

Within departments of biology in private universities in the Uni ted 
State s ,  two programs in medical entomology s tand out wi th respect to 
faculty commitment , diversity of  curriculum , and development of  
graduate and postdoc toral students .  Georgia Southern College , wi th an 
emphasis on tick biology , trains moa t  of i t s  student s  to the master ' s  
level and has supported a number o f  postdoctoral assoc iates . The 
Vector Biology Laboratory of the Universi ty of Notre Dame maintains the 
largest training program in the United States for doc toral and 
postdoctoral degree s .  

Curricula in these biology departments include the traditional 
entomology and acarology courses ,  wi th special opportunities for 
training in phy s iology , genetics , ecology , and population biology of 
vectors . The program at Notre Dame is particularly strong i n  para
s itology and virology . Neither insti tution has a medical or public 
health school and therefore does no t offer courses in epidemiology or 
pa thology of human disease s .  

Analysis o f  Medical En tomology Training i n  the Uni ted Sta tes 

The De lphi or "expert judgment " me thod wa s used by Gwadz to prepare a 
list of the major ins t itutions involved in training medical entomolo
gists  and vect or biologists . The list was compiled by severa l vec tor 
biologis t s ;  some centers may have been missed , but in general the 
survey covered the majority of recognized programs . The survey was 
more specific than those of Eldridge and Spielman and focused on 
faculty,  current s tudent s ,  and graduates of these programs . Twenty
seven institutions were contacted ; 24 responded including 15 land-grant 
department s ,  7 schools of public health or medicine , and 2 depa rtments 
of  biology . Table 3 summari zes the findings from this survey. 
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TABLE 3 Survey of LeadiD& Traiaiaa Center• for Medical !at�loay aad Vector 
Bioloay ia the Uaitad Statea 

lluaber of lluabar of lluabar of Poatdoca 
lluaber of Studeata Poatdoca PbDa Awarded Trained 

State Iaatitutioa Faculty ( Current )  (Curreat )  Siace 1970 Siace 1970 

LAIID-CRAIIT IIISTITUTIOIIS 

CA U, Cel . / Berkeley 3 6 1 8 s 
U, Cel , /  Davie 2 7 1 12 s 
U, Cel . /Riverdde 3 s 0 10 6 

FL Vero Beach Lab. 
of U.  of Florida 7 0 2 0 4 

GA u .  of Georaia 1 0 0 6 1 
IL U, of llUaoh* 
IA Iowa State 1 s 0 7 0 
MD U . of Maryland* 
MA U, Massachusetta 1 3 1 2 1 
HI Michipn State 1 2 0 4 0 
IIJ Rutaera* 
IIY Cornell 1 3 0 4 1 
IIC II , C ,  State 3 4 2 9 4 
OH Ohio State 3 7 0 3 0 
OR Oraaoa State 1/ 2 0 0 0 0 
TX Texaa A&M 2 11 0 11 1 
WA Waahiaatoa State 1 0 0 6 1 
WI U. of Whconsin 1 3 0 9 0 

SUBTOTAL 30 1 / 2 56 7 91 29 

SCHOOLS OF PUBLIC HEALTH OR M!DICIIIE 

CA U. Cel . /Berkeley s 3 0 s 0 
UCLA (Los Aaaele s )  1 8 1 s 7 

CT Yale 7 3 4 s 4 
LA Tulane 1 1 0 s 0 
MD Johns Hopkins 1 9 1 8 1 
MA Harvard 1 3 1 4 7 
VA Old Dominion u .  4 6 0 0 1 

SUBTOTAL 20 33 7 32 20 

DEPARTMEIITS OF BIOLOGY 

GA ·Georaia So . Col l .  3 6 3 2 10 
Ill llotre Daae 7 1 1  9 19 29 

SUBTOTAL 10 17 12 21 39 

TOTAL 60 1 / 2  106 26 144 88 

*Did not re apood to queationaaire . 
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Current Faculty Status 

Of the 24 report ing insti tut ions , 11 l isted a s ingle faculty member 
wi th a primary interest  in medica l entomology . Among the land-grant 
universities , only the University of Florida , which includes the 
F lorida Medical Entomology Laboratory at Vero Beach wi th 7 medical 
entomologis t s ,  supported more than 3 facul ty members ; 7 o f  these 
department s  had only 1 position involved wi th vectors . 

Among the health-re lated institutions , Harvard , Tulane , Johns 
Hopkins , and the University of California at Loa Angeles showed a 
s i ngle permanent faculty member respons ible for med ical entomology . 
La rger programs and facultiea exist at Yale ( 7  facult y  members) , 
University of Cali fornia at Berkeley ( 5 ) , and Old Dominion 
Universi ty ( 4) . 

Georgia Southern College lists 4 full-t ime faculty members ,  while 
Not re Dame ' s  Vector Biology Laboratory baa 7 facult y  members conduct ing 
re search on vectors . The medical entomology program at Notre Dame i s  
enhanced b y  5 faculty positions in parasi tology , one of the larges t  
parasitology training programs i n  the Uni ted Statea . 

Current Enrollment 

Table 3 pre sent s a summary of current student populat ions in vector 
s tudies at the 24 universities . Although the survey does not 
d i fferentiate master ' s  from doctoral candida tes , it identi fies over 100 
s tudents wi th majors in medical entomology and vector biology . The 
dis tribut ion of postdoctoral fellows currently working in medical 
entomology at  the various universities shows that the majority of 
fellows are located in department s o f  biology or associated with heal th 
institu tions . 

Table 3 lists doctorates awarded in medical entomology and vector 
biology from 1970 to 1984 by the 24 universitie s .  Obviously , some of 
the smaller programs not queried awarded degrees during the period , but 
the i r  contribution to the total trained in the Uni ted States i s  
est imated t o  be quite small . Eight of these schools produced over 
64 p ercent ( 91 /144)  of the doctorate s :  No tre Dame ( 19) , University of 
California at  Be rkeley , public health and entomology combined ( 14 ) , 
University of California at Davia ( 12 ) , Texas A&M ( 1 1 ) , University of 
Cal ifornia at Riverside ( 10) , North Carolina State ( 9 ) , University o f  
Wisconsin ( 9 )  and Johns Hopkins ( 8 ) . 

Postdoctoral training from 1970 to 1982 shows a distribution 
simi lar to the current postdoctoral population.  Over two-thirds of the 
88 f e llows were trained in biology or health-re lated department s ,  and 
one-third of the 88 we re trained at Not re Dame . 

Tra ining of Fore ign Scient ists 

The role of  U . S .  universi t ies in t raining foreign scientists for 
careers in medical entomology and vector biology baa never been fully 
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analyzed . Twenty-seven foreign student s  have reeeived doetoratea 
between 1970 and 1982 , and 15 are eurrently enrolled a t  the 24 
insti tutions surveyed . In addition , 18 poatdoetoral a were traine d and 
6 are eurrently in training , all in departments of biology or healt h .  

Opportuni ties f o r  Overseas Field ieaeareh in 
Veetor Biology at  u.s. Ins t itut ions 

At the land-grant ins t itutions , field reaea reh ,  where done , is usually 
direeted toward management of peat populat ions . Programs at the 
University of California at Davia ,  University of California a t  
Riverside , North Carolina State , and Texas A&M are primarily oriented 
toward field programs in population dynamiea and eontrol o f  inaeet 
peats of man and anima l s .  The Vero Beaeh Medieal Entomology Laboratory 
reeently merged wi th the University of Florida entomology department 
and today offers exeellent opportunities for field re aeareh on problema 
in Florida aaaoeiated wi th inaee t a  that bi te . The programs at  
University of California at  Berkeley (in eooperation with i t a  Sehool of 
Publie Health) , University of Maaaaehuaet t a ,  Universi ty o f  of 
Wi aeonain,  Rutgers , and Iowa State are heavily involved in f ield 
studies of arboviruaea and thei r  veetora . Few of the land-grant 
department s  operate overseas reaeareh programs in medieal entomology . 
Miehigan State ( Sudan) and Cornell ( Central Ameriea ) are exeeptiona . 

Sehoola of publie health and programs within medieal aehool 
departments have a long tradition of work on field aapeeta of medieal 
entomology both in the Uni ted States and overseas .  Moat o f  these 
departments are in private universities a nd have flexibi lity in 
developing eollaborat ive arrangements with overseas reaeareh 
faeilities . The program at Berkeley , a state institution , is an 
exeeption in that i t a  field orientation is primarily toward problema 
aaaoeiated wi th arbovirus veetora in California .  

Johns Hopkins baa eondueted long-term field s tudies in India ,  
Bangladesh,  on various South Paeifie island s ,  and i s  eurrently working 
in We st  Afriea . Harvard entomologists a re involved in the Bahama s ,  
Brazi l ,  and Egypt , while maintaining s tudies of the veetora and 
epidemiology of tiek-borne babesiosis and Lyme disease in the eastern 
United States . The arbovirology program at Yale i s  one of the 
strongest with re aeareh eonneetiona in the Uni ted States and ove rseas .  

Among the departments of biology , only the Not re Dame program 
sustains field aetivitiea at home and abroad . The Notre Dame Vee tor 
Biology Laboratory direetly manage s the loeal eounty .osquito abatement 
program and has aeeess to a large f ield reaeareh faeility in upper 
Miehigan . No t re Dame staffed and operated a USAID-aponaored mosquito 
field researeh faeility in Hombaaa , Kenya , in  the past , and eontinuea 
to eollaborate wi th a number of field-oriented U . S .  and foreign 
re aeareh units .  

From the surveys o f  Eldridge , Spielman , and GNadz , i t  i s  evident 
that medieal entomology and veetor biology training prograaa in the 
United States are d iverse in nature and in several eases vigorous and 
produet ive in the i r  reaeareh and developaent of aeientiata . Al though 
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no single program i s  able to offer a "complet e "  curriculum tha t 
i ncludes all aspects of entomology , parasitology , epidemiology , and 
public health ,  many of the programs offer a range of course s i n  both 
the laboratory and field aspects of medical entomology . 

The land-grant universities are pa rt icularly strong in classical 
entomology and vector control technologies . The schools of medicine 
and public health emphasize diaeaaea ,  epidemiology , and patterns o f  
t ranamiaaion . The two strong programs in biology departments offer 
particularly well-rounded ins truction in vec tor biology , parasitology , 
and populat ion s tudie s .  Opportunities for f ield a tudiea are included 
in some , but not al l ,  programs . 

Conclusions about Training in the United S tates 

Medical entomologists and vector biologis t s  have traditionally entered 
the f ield by various paths . Many of the earliest workers were 
physicians drawn to medical entomology by the realization that disease 
c ontrol could , in many ease s ,  be he a t  achieved by control ling the 
vec tor . Even today a number of medically qualif ied individuals have , 
o r  are seeking , master ' s  and doctoral degrees in med ical entomology. 

Undergraduate preparation for graduate work in vector biology and 
medical entomology can take many forma . Because of the variety of  
s pecializations wi thin the broader designat ion o f  medical entomology , 
no rigid undergraduate program ia suggested , nor ia one generally 
advisable . At the undergraduate leve l ,  aueh a program should be 
ava ilable in moa t  departments of biology . At the graduate leve l ,  no 
one department offers all the eouraea listed . 

Ideally , pre paration for a career in medical entomology should 
include a strong undergraduate background in general biology ( aee 
Table 4 ) . Graduate work should emphasize entomology and vector 
biology , usually in one of the land-grant department s or department s  of 
biology . Postdoctoral training should be used as a means of broadening 
experiences and also of specialization . Depa rtments of entomology can 
provide the beat opportunities for those interested in vector contro l .  
Graduates of entomology departments might find tha t time spent in  
schools of public health or medicine could broaden their appreciation 
of epidemiology and vector-borne disease s .  

Workshop participants concluded that a variety o f  programs are 
involved in training scientists  for careers in vec tor biology . They 
agreed that the strongest vector biology training programs are 
characterized by : 

• Clear insti tut ional commitment to the long-term support o f  
vector biology training and research 

• Diverse training opportuni ties , i . e . ,  two or more faculty 
members wi th expertise in differen t  areas of vec tor biology 
( e . g . , control , ecology , genetics)  and/or wi th di fferent groups 
of disease vectors ( e . g . , mosquitoes and ticks ) 
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• Ongoing field resea rch opportunities preferably wi thin nearby 
enzootic disease foci 

• Extramural support for research and/or training activi ties 

• Cooperation and collaboration wi th other vector biologists  or 
allied scient i s ts in other departments or at s ister institutions 

• Opportunities to interac t wi th operationa l vector control 
programs 

• Collaboration wi th institutions in tropical locations that 
could provide student and facul ty exchange s between the United 
States and developing countries for research , training , and 
s t rengthening of developing country institutions . 

VECTOR BIOLOGY TRAINING IN DEVELOPING COUNTRIES 

For many years , vector biologists from developi ng countrie s were 
trained exclus ively by academic institutions in the developed world . A 
ma jor problem facing the s tudents was the lack of field activities 
relevant to vector populat ions and ecology of their own countries . 
Wi th the object ive of making these countries more self-reliant and i n  
order t o  train the s tudents of deve loping countrie s ,  the World Health 
Organization ( Vector Biology and Control and Tropical Disease Research) 
supports centers for training at  the master ' s  leve l .  I n  addition, WHO 
staff anticipate the need for supporting a small number of graduates 
who wish to obtain doctoral degrees in the United States or other 
developed countries . It i s  hoped tha t these individuals could coaplete 
their course work in residence abroad , wi th the understanding that they 
return home to undertake their field resea rch under the supervision of 
specialists or academic advisors f rom developed or developing countries .  

The eight regional training centers receiving WHO support are 
located as follows : 

Africa 
�si ty of Nairobi , Kenya 
University of Jos ,  Nigeria 
University of Abidjan , Ivory Coast 

Southeast Asia 
Mahidol University , Thailand 
University of Bogor , Indonesia 

Central and South America 
University of Minas Gerais ( Belo Hori zonte ) , Brazil ( to be es tabli shed 

late in 1983 or 1984) 
University of Panama , Panama (currently assisted by PAHO) 

To be es tablished in 1984 
Universi ty of Madras (Pondicherry ) ,  Ind ia 
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TABLE 4 Academic Courses for Vector Biology Training 

Bachelor ' s  

Yea r  1 General &oology 
General botany 
Inorganic cheaiatry 
General phyaica 

Yea r  2 Invertebrate zoology 
Vertebrate zoology 
Organic chemistry 
Algebra or calculus 
Spanish or French 

Year 3 Microbiology 
Genetics 
General entomology 
Biocheaia try 
Bioatatiatica 
Spanish or French 

Year 4 Comaunity ecology 
Animal behavior 
Evolution 
Parasitology 
Limnology or hydrology 
Freshwater ecology 
Meteorology 

Other Poaaibilitiea 

Malacology 
Vertebrate physiology 
Molecular biology 
Developmental biology 
Public health 
Syatematica 

Maater ' a/Doctoral 

Biology of vector insecta and 
acarinea ( including taxonomy , 
morphology , physiology , ecology , 
population genetics , behavior,  
and pathology) 

Integrated pea t  management 
Pes t icide toxicology 
Infect ious diaeaae epidemiology 
Pa thology 
I.aunology 
Infectious bacteria & ri ckettsia 
Animal virology 
He lminthology 
Protozoology 
Vertebrate biology & classification 
Advanced biostatistics 
Exploratory data analysi s  
Computer uaage 

Other Possibilit ies 

Scient ific wri ting 
Publi c  health administration 
Re search techniques 
Syst-a ecology 
Phycology 
Mycology 
Plant ecology 
Biogeography 
Plant taxonomy 

VECTOR BIOLOGY TRAINING IN DEVELOPED COUNTRIES 
OUTSIDE THE UNITED STATES 

Outs ide the Uni ted State a ,  several major centers are involved in 
research and training in vector biology and med ical entomology , In 
Great Britain the London and Liverpool achoola of tropical medicine 
have a long and illustrious tradit ion of research and training with 
particular emphasis on training scientists  from leas developed 
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countries . Although field research is liaited or nonexistent in Grea t 
Bri tain , overseas laboratories in former colonies have proved to be 
exceedingly product ive . Because of contracting colonial interests  and 
increased fiscal pressure s ,  the future of Bri t ish training in tropical 
medicine is currently in jeopardy . *  

ORSTOM ( Office d e  l a  Recherche Scientifique e t  Technique 
Out re-Mer) ,  the highly regarded overseas research prograa of the French 
government , opera tes a major medical entomology research and training 
center outside Pa ris and posts entomologists throughout the 
Preach-speaking tropics . 

Smaller programs exist in a number of European countries , but none 
are coaparable to those in Great Britain or Prance . 

*More information about this s i tuation is contained in Transactions of  
the Royal Society of Tropical Medicine and Hygiene , Vol .  75 , Supplement 
1981 ,  pp . 1-60 (Manson Bouse , 26 Portland Place , London W1N4EY) . 
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CHAPTER 3 

Career Opportunities in Vec tor Biology 

DEMAND FOR VECTOR BIOLOGISTS 

Just as integrated control programs are being developed for agricultural 
pea t s ,  programs to control vec tor-borne d i seases mus t  develop strate
gies that incorporate managemen t  of vec tor populations , vaccine s ,  drugs 
for treatment and prophylaxis ,  and management of environmental resources . 
In t he future , professionals wil l  be needed who can integra t e  and apply 
findings from molecular biology , microbiology , medicine , engineering , 
and vec tor biology . 

At the plenary session of the workshop , representat ives from u.s. 
federa l ,  state , and local agencie s ,  professiona l  association s ,  
universitie s ,  developing country ins ti tut ions , and the World Health 
Organizat ion described the current situation regarding employment 
opportunities and career positions for vec tor biologis t s .  Reliable 
estimates of professionals engaged primarily in field research are 
difficult to obtain, e ither because the category i s  broadly defined or 
because there are multiple agency intere s t s .  In genera l , however , all 
workshop pre sentat ions identified a need for more personnel to conduct 
field research on human disease vectors of int ernat ional importanc e .  
Table 5 summari zes the d a t a  contained in these presentations.  

World Heal th Organization 

Entomologists and malacologiata are employed by the World Health 
Organization (WHO ) a t  a number o f  level s .  In country office s ,  
24 entomologists are employed i n  programs o f  investigation and control 
of such diseases a s  malari a ,  filarias i s ,  trypanosomiasi s ,  and arbo
viruae s .  Programs are initiated at the request of governments or as a 
resu l t  of dialogue be tween the government and WHO .  WHO also has teams 
that carry out investigations on the epidemiology of malaria or other 
vector-borne diseases in similar area s in more than one coun t ry .  

Of 6 regional offices of WHO ,  5 have 1 o r  more regional vec tor 
biology and control advisor s . At WHO headquarters , moa t  entomologists 
and malacologista are employed in the Division of Vector Biology and 
Control (VBC) ; currently there are 7 Ph. D .  entomologist s ,  

- 2 7  -
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TABLE 5 Career Positions in Vector Biology and Contro l ,  1982 

Level of Institution or Agency Nuaber of Pull-t i  .. Pos itions• 

International 
Agency for International Developaentb 

Bilateral Overseas Programac 

Pood and Agriculture Organizat ion of the Uni ted Nations 
International Atomic Energy Agency 
Pan American Heal th Organization 
World Health Organizat ion 

National 
Department of Agriculture 

Gainesville , Beltsville , Lake Charles , Denver 
(plus veterinary entomology labs ) 

Department of Defense 
Army 
Navy 
Air Porce 

Department of Health and Hullan Services 
Centers for Di sease Control , Atlanta 
Centers for Disease Contro l ,  Pt . Collins 
National Institutes of  Health ( NIAID) 

State and Territorial 
Departments of entomology , land-grant universi t ies 
Heal th sciences and private universities 
State vector biology and control agenc iesd 

Local 
Vec tor biology and control agencies 

3 
74 

1 
10 
14 
54 

29 

82 
26 
14 

3 
10 

4 

30 
20 

104 

739 

Private sector Unkno1111 

ain thi s table , "position" means a peraanent job requiring graduate 
training in medical entomology . 

brour additional posi tions on a contractual baaia . 

CEstimatea or positions by country are aa follows : Australia ( 2 ) , 
Belgium ( 3 ) , Canada ( 1 ) , Denmark ( 1 ) , Prance ( 2 5 ) , Germany ( 8 ) , 
Israel ( 1 ) , Japan ( 6 ) , Netherlands ( 2 ) , United Kingdom ( 20) , USSR ( 5 ) . 

dinc ludea data from 33 atatea and terri torie s ,  but total may be low 
due to underreporting .  
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1 malacologi st , 1 insecticide chemi s t , 2 medical toxicologi sts , 
3 envi ronmental engineers ,  and 4 technical officers . The VBC Divi sion 
provides services to the regions and to the disease control divisions 
inc luding the Ma laria Ac t ion Programme , the Parasitic Di seases 
Programme , the Communicable Disease s Division , and the UNDP/World 
Bank/WHO Special Programme for Research and Training in Tropical 
Di sease s .  

Other International Agencies 

A substantial number of entomologists  are employed by the Food and 
Agriculture Organization of the United Nations , although most of them 
are obviously concerned wi th plant protect ion or s tored food product 
protection .  Some are involved wi th t setse fly and tick invest igat ions . 

The Internat ional Atomic Energy Agency , concerned wi th application 
o f  the sterile insect techni que to the control of insects  of medical , 
ve terinary , and publ ic health importance , employs several entomolo
g i s t s .  Due to a shortage of medical entomologi sts  in the donor country 
( such as Denmark and Sweden) , some bilateral agencies hire f oreign 
entomologists . 

Developing Countries 

Field research being conducted by vector biologists  i n  selected 
developing countries was descri bed in Chapter 1 .  Workshop participants 
agreed tha t the shortages of highly trained vector biologis t s  described 
in that chapter were typical of moat developing countrie s .  Many vec tor 
con trol programs do not have full-time staf f posit ions for a highly 
qualified entomologist or malacologist . Universities and government 
research institut e s  rarely , a s  yet , have vector biologi s t s  who have 
been trained in or exposed to the new disciplines of molecular biology 
or cytogenetics . Creation of additional new positions i s  not likely to 
happen wi thout explicit policy direct ives from national governments , 
who usually contro l hiri ng in federa l universities and communicable 
disease control agenc ies . 

Employment Opportunities in the United States 

Agency for International Development 

At pre sent there are only 3 permanent staff posit ions for vector 
biologists at USAID wi thin the category of malaria advisor s .  There are 
four contract positions for personnel overseas . However,  the agency 
occasionally fund s vector biology field research projects  on mala ria 
eithe r  directly or through other domestic agencie s .  The Of fice of the 
Science Advi sor recently announced a new program of funding for 
re search on innovative biological vector control me thods.  
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Armed Forces 

The U . S .  military maintains a large cadre of medical entomologists  
deployed t o  satisfy worldwide commitment s for vect or-borne disease 
control . At pre sent , 122  medical entomologists  serve as commi ssioned 
officers in the Army ( 82 ) , the Navy ( 26) , and the Air Force ( 1 4 )  
( Table 6 ) . They are a s signed to various j obs in the continental United 
States or abroad wi thin the ir respective service s .  

Graduate training i n  entomology wi th s trong emphasis o n  medical 
entomology i s  an employment prerequisite in these organizations wi th a 
mas ter ' s  degree being a minimum requirement . Entomologists wi th a 
bachelor ' s  degree occasionally may be accepted t o  sat i sfy operational 
needs of vector control.  

Career opportunities for medical entomologists  in the armed forces 
have been steadi ly on the rise since 1970 , wi t h  the exception of the 
Air Force where the emphasis baa shifted to operational and environ
mental pea t  con tro l programs . Few addit ional posi tions are anti c i pated 
in the future to mee t expanded programs . Others will become available 
as personnel leave or re t ire fro• the act ive service . 

TABLE 6 Commissioned Entomologists in the U . S .  Armed Forces 

Educational Entrl Level 
Service Number M . Sc .  Ph . D .  

Air Force 14 7 7 
Army 82 48 34 
Navy 26 12 14 

roTllS 122 6 7  5 5  

De partment of Agriculture 

Insecta  Af fecting Man and Animals Research Labora tories,  Gainesville , 
Florida Thi s laboratory employs 25 full-t ime professiona l scient i s t s  
in addition to 3 o r  4 postdoctoral entomologists conduct ing studies o n  
control me thods f o r  insecta o f  medical and veterinary importance . 
Re search on methods and compounds for personal protection from bit ing 
arthropoda are also conducted . The laboratory receives financial 
support from the Department of De fense for s tudies applicable to 
military needs . Significant turnover from ret i rement o f  senior 
scientists  since 1970 baa created and promises to continue to crea te 
job opportunities for medical entomologist s .  
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Arthropod-borne Animal Diseases Research,  Denver ,  Colorado Research 
ac tivities have been expanded in recent years due to the recognition of 
t he importance of  Culicoides a s  pest s  of l ivestock and as  vectors of 
blue tongue virus. Four professional entomologists are conducting 
s t udies on this group of  biting flie s .  

De partment of Health and Human Services 

Centers for Disease Con trol ( CDC ) Vector-borne disease currently 
re presents a small proportion of the total operation of CDC . Field 
act ivities include the development and/or evaluation of  control tech
nology equipment and material . Consul tation work is concerned wi th the 
epidemiology and control of vector-borne disease . The CDC currently 
employ 11  medical entomologists who conduct basic and applied research 
on the epidemiology of arboviruse s  and plague . The Division for Para
s i t ic Diseases has 6 medical entomologists who conduct research on 
vector-borne parasi tic  diseases wi th emphasis on malaria and who also 
provide supportive consultation, field , and laboratory services. A 
pos tdoctoral fellowship program ha s recently been established that 
would include entomologists. 

Na tional Institute of Allergy and Infectious Disease (NIAID) NIAID is  
a major source of fundi ng for  research and  research training i n  vectors 
of human di sease . In FY 198 2, the NIAID extramural training component  
consisted of  2 insti tutional training programs ( $192 , 553 ) and 
1 individual training award ( $1 7 , 7 36) . 

The NIAID intramural medical entomology program , wi th 1 tenured 
sc ientist , is a major component of the malaria research effort of the 
Laboratory of Parasitic Diseases .  The uni t is primarily concerned wi th 
the physiology , behavior,  and genetics of anopheline vectors . Recent 
collaboration wi th New York Universi ty  has resulted in the application 
o f  monoclonal antibodies to surface components of plasmodial sporo
zoite& to determine the sporozoi te i nfection rates of mosquitoes . The 
Epidemiology Branch at the Rocky Mountain facili ties has 3 acarologists 
t o  maintain its interes t in  tick-borne diseases and is  active i n  field 
i nvestigat ion on the epidemiology of Lyme disease . 

The intramural medical entomology program provides the opportunity  
for research training of 1 medical entomologist per  year. Since 1974, 
5 postdoctoral medical entomologists have received research training in 
the intramural program for periods of 3-4 years . It also provides 
technical support i n  medical entomology to  2 NIAID staff  members 
a s signed to the Ain Shams Cen ter for Research and Training on Vectors 
of Human Disease in Cairo . Constraints  i n  the intramural budge t and 
l imited laboratory space will prevent expansion in the immediate future . 
The medical entomology program wil l ,  however , move to larger facilities 
on the NIH campus in 1983.  

The extramural training program is expected to suffer further 
constraints  as part of an overal l  reduction in NIAID/NIH support for 
re search training imposed both by a primary commitment to support for 
investigator-initiated grant s  and by federal policy regarding the 

Copyright © National Academy of Sciences. All rights reserved.

Manpower Needs and Career Opportunities in the Field Aspects of Vector Biology:  Report of a Workshop
http://www.nap.edu/catalog.php?record_id=19516

http://www.nap.edu/catalog.php?record_id=19516


- 32 -

proper NIH role in training ,  NIAID current ly doe s not support 
contracts in vector pa thogens wi th ita regular funds and is  unlikely t o  
do so in t h e  foreseeable future d u e  to current commi tmen t s  tha t exceed 
contrac t fund s ,  

State Agenc ies in Vec tor Control 

State health agenc ies are a ma jor employer of vec tor biologi sts . 
Donald Womeldorf , a workshop participant , queried state departments of  
health regard ing their employment of vec tor biologi s t s .  He reported 
that 1 9  of 3 3  states responding t o  hi s 198 2 pol l  had positions for a 
total of 104 vector biologi sts . Seven states anticipa ted an increase 
in the number of positions over the next S years . 

Duties of vector biologists include ( 1 )  providing support to local 
agencies ( training , technical consultation and assistance , overa l l  
program guidance ) ;  (2)  conduc ting vec tor surveillance and control 
(coordination of surveillance , liaison wi th laboratory and epidemio
logic services , evalua tion and interpre tation of data , control 
recommendation s ) ; and ( 3 )  serving as l iaison wi th regulatory agencies 
i n  planning for vec tor contro l ,  

Local Agencies 

For FY 1980, 739 local mosquito abatement districts spent more than 
$84 million for vec tor con tro l ,  primari ly directed agains t pea t 
mosqui toes . The problema and programs are quite varied , Tradi t ionally 
the moa t efficient or successful programs have evolved in state s wi th a 
strong university faculty in medical entomology ( such as New Jersey . 
Illino i s ,  and Indiana ) , In California and Florida , s tate health 
department medical entomologists have been instrumental in the 
development of excellen t mosqui to con trol programs . 

Effective adminis tration of these programs requires a high leve l  of 
proficiency i n  vector biology field operations and evaluation . Many of 
the programs are no t s taffed by trained vector biologists but s hould 
be . There i s  a serious · shortage of university or health depa rtment 
vec tor biologis t s  to provide the nece s sary expert ise for development 
and guidance of mosqui to control in moa t  a reas of the United States .  
In summary . expanding local mosqui to and vector control programs can be 
improved immeasurably by additiona l assistance and use of vector 
biologists from university and federal and s tate health agencies .  

Private Sector 

There are basically three types of organizations in the private sector 
that offer employment opportunitie s :  
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1 .  Chemical and pha rmaceutical companies 
2.  Consul ting organizat ions 
3 .  Pes t  control companies (or o ther service organi zations ) . 

Pharmaceutical companies that produce drugs for zoonose s may 
re quire medical entomologists and malacologists  for research and 
testing of the i r  product s .  Consulting organizations ,  such as Insect 
Control & Research , Inc . ,  have medical entomologists  on their staf f .  
Pea t  control operations also employ medical entomologist s .  

No serious at tempt was made to  obtain information from private 
f i rms regardi ng the number o f  vector biologists  employed . Only 4 of 
the 110 U . S .  re spondents li sted in the 1982 World Direc tory of Vec tor 
Research and Control Special ists* compiled by Gerberg (a  workshop 
part icipant ) a re employed by commerc ial or industrial companie s .  

COLLABORATION BETWEEN VECTOR BIOLOGISTS 
IN THE UNITED STATES AND DEVELOPING COUNTRIES 

A number of mechanisms have evolved over the years tha t provide field 
re search and training opportuni ties for individuals interested in  the 
biology of vectors . 

From 19 62-1 980,  the International Center for Medical Research and 
Training ( ICMRT ) program , National Ins titutes of Health ,  supported 
ma jor overseas activities of  5 univers i t ie s :  University of Ma ryland 
Medical School in Lahore , Pakistan , and Salvador , Brazil ; Johns Hopkins 
School of Hygiene and Publ ic Health in Calcut ta,  India,  and Dacca , 
Bangladesh ; University of Cal ifornia i n  Kuala Lumpur , Malays i a ,  and 
briefly in Oaxaca , Mexico ; Tulane University in Cali , Colombia ; and 
Louisiana State University in San Jose , Costa Rica . The Maryland and 
Ca l i fornia programs were part icularly active in entomology.  Al though 
no longer NIH-funded as international centers , these uni t s  serve as 
models for overseas  research and training . Thi s program ended in 
1980 . Unfortunately , there was no publ ished evaluation by the NIH to 
a s sess the e f fectiveness o f  the program , and there was no provi sion to 
absorb the trained staff a t  the termination of the projec t s .  However ,  
a number o f  fore ign a s  well a s  U . S .  s tudents received unique training 
opportunities . 

The NIH-sponsored International Collaboration in Infectious Di sease 
Research ( ICIDR ) program replaced the ICMRT program in  1980 . Michigan 
State University in the Sudan and the Harvard School of Public Health 
in Brazil opera te  programs that include entomological components and 
p rovide training opportuni ties to u . s .  and foreign scientists  bo th in 
the Uni ted States and in the hos t  coun t rie s .  It  is not ye t clea r  
whe ther these ICIDRs c a n  function as successfully as d i d  the ICMRTa for 
the training o f  scientists  in field entomology . 

*Available from Eugene Gerberg , Insect Control and Research, Inc . , 
1 130 Dillon Hei ght s Avenue , Baltimore , Maryland 21228 , USA ,  by sending 
$2 . 00 to cove r  mailing coats . 
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From 197G-1975 , the Vector Biology Laboratory of the Universi t y  of  
No tre Dame , wi th funds from USAID , operated a mosquito biology re search 
stat ion in Mombasa , Kenya , as part of the International Center for 
Insect Physiology and Ecology ( ICIPE ) . The uni t  provided field 
experience to a number of pre- and postdoc toral trainees.  

The Gorgas Memorial Laboratory in  Panama remains one of the more 
important si tes for oversea s field research . Independently funded by 
the u . s .  Congre ss and private source s ,  i t  has provided a base for 
fie ld-oriented studies for decade s and full-time employment to a number 
of entomologi s ts . · 

The u . s .  Army laboratories in Thai land , Brazil , Panama , Malaysia , 
and Kenya , and the u . s .  Navy laboratories in Egypt ,  Indonesia , and the 
Phi lippines have the largest field-oriented entomology research 
programs outside the Uni ted States and still  provide some of the bes t  
opportunities for overseas research. 

The Laboratory of Parasitic Disease s ,  Nat ional Institute for 
Al lergic and Infectious Diseases , NIH , wi th funds from USAID , is 
involved i n  a program to  study the "Epidemiology and Control of 
Arthropod-borne Di seases in Egypt and Israel . "  Thi s tripart ite 
collaborat ive program , whic h  suppo rt s ma jor entomological studies  in 
Is rael and Egypt s taffed by local personnel , a l so provides for the 
pos ting for a minimum of 2 years ,  of 2 NIH-selected entomologists  
( 1  with an M.D .  degree in addition to a degree in entomology) .  These 
2 entomologists are s tat ioned at Ain Shams University in Cairo . Thei r  
charge is  to develop field-based s tudies o n  the vec tors and epidemiology 
of malaria and Rif t  Valley fever 1 working as a fully integrated part of 
the Ain Shams re search program . 

The CDC has ma intained small re search and training centers in 
Central America and the Caribbean . However , its primary orientation is 
toward the arbovirus vectors in the United State s .  

FACTORS AFFECTING DEMAND FOR VECTOR BIOLOGISTS 

Policies of the U . S .  Government 

Uni ted States federal agencies involved in vector control activities  i n  
developing countries include the Agency f o r  International Development , 
the Departmen t of Agricul ture , the Department of Health and Human 
Services , and the Department of Defense ( DOD ) . Their programs are 
usually aimed at  satisfying needs and requirement s mandated by 
Congres s .  Fo r example ,  the Department of Defense mus t  be prepared to 
prevent and trea t  tropical ailment s o f  U. S .  mili tary troops ,  and the 
Department of Health and Human services is primarily responsible for 
the health needs of the u . s .  population.  The U. S .  Department of  
Agriculture has ve ry limited operations in foreign countries in the 
medical entomological and malacologica l f ields .  The few exi sting 
programs have a primary orientation toward ve terinary problems of a 
zoonotic nature . 

Workshop part icipants agreed that the Agency for International 
Development has the most  flexibility o f  any federal agency i n  promoting 
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scientific collaboration between U . S .  and developing country 
i nvestigators and in  providing field research experience . Both the 
1980 and 1983 USAID Health Policy Papers state that the agency wil l  
consider support ing research and training in connec tion wi th malaria 
and schistosomias i s  con trol programs . In many ease s ,  USAID assistance 
to control programs abroad involves short-term vi sits of technical 
advisors wi th considerable field operationa l experience . 

Workshop participants recognized , however , that ac tivities funded 
in recent years may not have allowed e i ther long-term continuing 
involvement from U . S .  sc ientists or long-term training opportunities 
f or vector biologists  from developing countries . According to a 1982 
General Account ing Office (GAO )  report (Malaria Control in Developing 
Countries : Where Does It Stand ? What is the Uni ted States Role ?) , the 
ability of USAID to provide technical assis tance to developing coun
t r ies in malaria control has declined , while recipient government s have 
of ten failed to train or support control specialists .  Nevertheless , 
funding for spraying programs has continued because of perceived 
humanitarian need , despite doubts about e f fectiveness against the 
vector species . A new USAID malaria policy document i s  bei ng prepa red 
as a result of the GAO report and will address research and manpower 
needs .  

Policies o f  Developing Country Governments 

Many communicable disease control agencies  in developing countries 
regard vector control or eradicat ion as an operationa l ,  logistic , and 
f i nancial problem . Applied research is usually directed toward finding 
the most  economical approaches  for spraying pesticide s .  Technical 
advice is sought from WHO expert s s tat ioned in  the country or region . 
Career posit ions for professional vec tor biologists wi thin ministries 
of  health are rare , since preference is usually given to physicians who 
are considered qualified to direct re search and hold senior administra
tive po sitions . 

International and bilateral assis tance organi zat ions are in a 
relatively good position to influence national government practices 
with regard to vector biology field research.  They of ten provide 
foreign currency to purchase pesticides and spraying equipment . 
However ,  even when training or re search is built into assistance 
package s ,  nei ther donor nor recipient agencies devote enough sustained 
a tten tion to the formation of a cadre of field researchers , their 
supervision , and subsequent career development . 

Research Grant Support for Field Studies 

Funding for vector biology field research is difficult to  obtain,  
e s pecially from compe tit ive grants awarded by the National Institute of 
Allergy and Infectious Diseases o r  the Nat ional Science Foundat ion . 
Re latively few proposals are received for field research as compared to 
laboratory proposals . For example , only 1 or 2 percent o f  all 
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proposals received by the Division o f  Environmental Biology i n  the 
Na tional Science Foundation are concerned wi th basic vector biology 
f ield studies . In general ,  field research proposals do not fare wel l  
in compe tition with proposals f o r  bas ic research unless the funding 
organization give s special emphasis to field studies on vectors . WHO 
reports that proposals for vector f ield research received by i t s  
Tropical Disease Research and Traini ng Programme a r e  often poorly 
prepared and lack sufficient detail about me thods and implementation . 
In additio n ,  the number of such proposals  is relat ivel y  small  and , i n  
fac t ,  declining . 

For some t ime ,  NIAID has supported vector biology research through 
i t s  tropical medicine and parasitology study section . In fiscal years 
19 79-1982,  approximately 60-70 pro jects that relate in some way to 
vectors have been funded annually ( see Table 7 ) . Thi s number represents 
only about 4 . 5  percent of the total number o f  NIAID extramural pro jects 
in all categories . Many of these projec t s  do not include research on 
vectors but really consist of basic studies on insec t physiology or 
behavior . Only slightly more than half the projec t s  were based a t  the 
2 7  training inst itut ions mentioned in Table 3 and in Chapter 4 .  
Al though a clear trend i s  not readily di scernible from 4 years o f  
information ( that does not include data on project proposals received ) ,  
i t  seems apparent that research activity i n  U . S .  inst i tutions concerned 
with vector biology training is declining . Thi s situation is  l ikely to 
be exacerba ted i n  the future wi th projected reductions in NIH training 
funds . 

In addition , f ield s tudies pose formidable obstacles to the junior 
inves tigator . They require vehicles , fuel , and often a large number of 
f ield staff . Assis tance for implementing such s tudies must  frequent ly 
be sought from disease con trol programs and a varie ty o f  o ther 
sources . Internat ional collaborative arrangements may take 1-2 years 
to complete . And research grant s  i ncreasingly exclude education , 
travel , and applied research as objec t ive s .  

SUPPLY OF VECTOR BIOLOGISTS 

Es timates of the number of professional vector biologists  who are 
available to work in applied research and control activities  a re very 
difficult to produce . Gerberg reported preliminary results tha t he 
obtained i n  preparing the first edition o f  the World Directory of 
Vector Re search and Con trol Speciali sts . Entries were based on 
individual responses to a questionnaire publi shed i n  severa l journals 
and c irculated widely in 1981 and 1982 . The number of individuals 
listed probably represents less than hal f  o f  the total number of  
medical entomologists  who are act ive i n  f ield s tudie s .  Of 5 6 3  names 
listed , 21 7 ( located i n  7 4  countries ) have doctoral degrees .  The 
Uni ted States has 82 of the se ,  Latin America has 2 2 ,  Asia and the 
Pacific have 4 6 ,  while the 67 listed f or Africa are primarily 
expatriates . 
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TABLE 7 NIAID Grant s for Re search Related to Vector Biology in Fi scal Years 1979-1982 

Number of Funded 
Projec t s  Located Total NIAID Total Number 

Total Numbe r of Total Annua l i n  Leading Vector Budget for of NIAID 
Funded Pro jec t s  in Budget s  for Biology Tra ining Ext ramural Ext ramural 

FY 4 Categories• 4 Ca tegories8 Insti tut ionsb Projects Pro jects 

1979 67 .4 , 930, 748 42 hl 6 , 636 , 000 1 , 441 

1980 74 5 , 342 , 879  44  13 7 , 1 91 , 000 1 , 571 

1981 65 5 , 31 1 , 703 34 1 5 4 , 701 , 000 1 , 630 

1982 59 5 , 253 , 133 32 1 5 7 , 200, 000 1 , 537 

8Inc ludes data from NIAID computer files under ca tegories of (1)  mosqui toes , (2)  t icks , (3)  mi tes , 
and ( 4 )  biological regulation of vect ors , 

bsee Table 3 and Chap ter 4 on medical malacology t raining , which name 2 7  vector biology t raining 
centers . 

.... 
.... 
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CONCLUSIONS 

Vec tor-borne disease s remain an immense burden in developing countries ,  
causi ng much morbidity and mortali ty , whi ch impede development . When 
considered as priori ties by ministries of heal th , their control con
sumes much of the already low publ ic heal th budge t s  in these  coun t ri e s . 
Despite this s i tuation , the number o f  qualified professional vector 
biologists i s  woefully inadequate . In addition , knowledge o f  vec tors 
and the abi lity to control them can be greatly improved by application 
of new me thods and materials .  The i r  effect ive and economica l use 
against vector specie s ,  however ,  requires the training of an adequate 
professional cadre in entomology and malacology as part of health care 
programs . 

What type of career posi tion would be ideal for facilitat i ng 
collaborative field research between u . s .  scientists  and count erparts 
in developing count ri es?  Although employment by one of the inter
national or federal agencies has the potential to provide meaningful 
and product ive opportunities for field research , most  of these posi
tions are linked to specific  program s ,  and opportunities for innovative 
re search are often limi ted . The ideal situation requires three com
ponents : ( 1 )  an oversea s study site  or collaborating institution , 
( 2 )  a firm U . S .  support base , and ( 3 )  funding to cover salary and 
research cos t s  in bo th places .  

The overseas site should be as sociated wi th an ongoing research 
program , research insti tute , or university.  Internationa l laboratories 
( for example , ICIPE in Kenya , and Gorgas Memorial Laboratory in Panama ) 
all have multi faceted ongoing programs wi th laboratory facilities , 
s taff , vehicle s ,  drivers , and connect ions to the local government . In 
many deve loping count rie s there is no need to establi sh , staff ,  and 
s tock independent expatriate research fac ilities . Universities , 
national disease control programs , and nat ional research institutes 
usually have basic re search facilities and can contribute some of the 
infras tructure necessary to work efficient ly in field si tuations . 
Close cooperation and in terac tion wi th re sponsible health offic ial s and 
university faculties at the oversea s site  is essential . 

The United States base is e qually important . The young invest igator 
should have a stable appointment or affi liation , preferably at an aca
demic institution .  The appointment should b e  regular facul ty and 
tenure track . Thi s ,  of course , require s a major commitment on the part 
of the cooperating inst i tution , but that commi tment is no t unreasonable . 
The u . s .  ins titution should have a viable , ongoing program i n  vector 
biology with sufficient  faculty who can interact and who have an 
interest in cooperating in  an oversea s research effort . 

Frequent ly in programs such as the ICMRT and ICIDR, provi sions are 
made to provide advanced training to foreign student s and professionals 
a t  both the deve loping country insti tut ion and a t  facilities i n  the 
United States . Such training serve s to enlarge the scient i f i c  bas e  of 
the host country , although frequently the educat ional and health 
infrastructures are not sufficiently developed to guarantee the maximum 
utilization of acqui red skill s .  Continued professional and scien t i f ic 
contact s  between former students and teachers help to maintain research 
activities even when institutional support is lacking . 
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In the long run . vector-borne disease con trol problema wil l  have t o  
b e  at tacked by c i tizens of countries with the greatest burden o f  
di sease . Th e  mos t  urgen t  need . therefore . is to strengthen and ensure 
the training of such personnel in the universities of these countries 
or in regiona l programs . The role of  vector biologists  i n  the 
d eve loped countries ( including the Uni ted State s )  in assisting wi th 
this train! ng and in the conduct of  basic  research is of the utmos t 
importance . There is also a need to maintain . and indeed strengthen . 
the traini ng of vector biologis t s  i n  the developed countrie s as a 
resource for the vec tor biology and control training programs in 
developing countries . 
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CHAPTER 4 

Appl ied Malacology 

In recent years the conventional definition of a vec tor biologist has 
been expanded to include those concerned wi th the biology and con trol 
of molluscs of med ical and socioeconomic importance . The discipl ine 
includes the study of all molluscs  that ( 1 )  act as passive agents for 
the dispersal of  microbial pathogens and viruse s ,  ( 2 )  serve ei ther 
actively or passively to introduce toxins into man ,  or ( 3 ) assume the 
role of intermediate or parasitic hosts  for helminths that cause para
sitic infect ion and di sease in man and domestic animals . It ha s been 
in the role of studying and controlling host molluscs , particularly the 
intermediate-snail  hos t s  of  Schistosoma , tha t the medical or  applied 
malacologist has most fre quently been ident ified as a vec tor biologis t .  
Historically,  a s  well a s  today , the development o f  the discipl ine and 
the opportunities and demand for i t s  prac titioners have been int imately 
associated wi th the worldwide intere s t  in schis tosomiasi s  and , to  a 
lesser extent , fascioliasis . It should be noted , howeve r ,  tha f all 
trematode parasite s i nfect i ng man and hi s domestic animals  mus t  spend a 
portion of their life cycle in a suitable molluscan hos t .  

Applied malacology formally originated a s  an of fshoo t of 
pa rasi tology and tropical medicine ; i t s  practitioners , until fairly 
recently , were wi th rare exception trained as medical parasi tologists  
or physician s .  By  being hidden under the mantle of pa rasitology and 
lacking a visible identity of i t s  own , applied malacology ha s been 
deterred to some extent both in a t trac ting s tudents and in the 
establishment of a formal training regimen.  On the o ther hand , compre
hensive training in both parasitology and applied malacology is an 
asset that deserve s to be encouraged . 

TRAINING 

Although data are difficul t to obtain,  one may correctly surmi se tha t 
opportuni ties for formal training in applied malacology are limited . 
For example , in a recen t survey ( 1980) t o  dete rmine the extent to which 
malacology is taught in the Uni ted State s ,  questionnaires were sent to 
134 selected members of the American Malacological Union ( AMU ) * ;  of 

*Questionnaire pre pared and distributed by Dr . Harold W .  Ha rry . The AMU 
is the only nationa l organi zation in the United States solely devoted 
to malacology . In 1980 it had approxima tely 650 members . 
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69 respondent s ,  32 indicated tha t some type of malacology course was 
taught at the ir institution. Howeve r ,  at only 2 ins t i tutions ( the 
De partment of Tropical Medicine , S chool of Publ ic Hea l th , Tulane 
Un iversity , and the Department of  Tropical Public Health,  Ha rvard 
School of Publ ic Health) were the courses identified as deali ng direc t ly 
wi th medical malacology . To be aure , there are other centers where 
individuals a re trained in applied malacology (for example , the 
Un iversity of Michigan , Ann Arbo r ,  and the Univers i ty of Cal ifornia , 
San Franci sco) . Choice s ,  however , are limi ted . 

Information regarding training at oversea s institutions is also 
limited . Cent ers of training have generally been established in 
countries where schi stosomiasis is endemic or in  indus triali zed 
count ries wi th former colonial ties . In South America , 2 centers 
immed iately come to mind : the Oswaldo Cruz Foundation ,  Ri o de Janeiro , 
Braz i l ,  and the group working on s chis tosomiasis at the Federa l Univer
s i ty of Belo Hori zonte , Brazil . In the Republic of  South Africa , there 
a re active units  at Posche fa troom Universi ty and the Bilharzia Field 
Un i t  at Nelspruit . In Egypt , a group of malacologiata  is conduc t ing 
research at Ain Shams University . In Europe , cent ers include the uni t  
at  the Bri tish Museum of Natural His tory , London , England ; Winches Farm ,  
London School o f  Hygiene and Tropical Medicine , London , England ; and 
the Danish Bi lharziasis Laboratory and the WHO-collaborating Centre for 
Applied Malacology at Charlot tenlund , Denmark . In Asia , ma lacology is 
t aught at the Cent re for Applied Ma1 acology , Department of Biology , 
Mahidol Universi ty , Bangkok,  Thailand . 

The World Health Organi zation coordinates the training of medical 
malacologiats  worki ng in schistosomias i s  control ei ther through close 
collaborat ion wi th international centers or during on-s ite training 
courses in endemic coun t ries . WHO currently collaborates wi th Mahidol 
Un iversity , Bangkok, Thailand ; the Nat ional Schistosomiasis Control 
Program in the Phi lippines ; and the Danis h  Bilharzias i s  Laboratory 
supported by the Danish International Development Agency ( DANIDA) which 
trains African students . In addi tion , WHO provide s support to o ther 
nat ional and regional training courses . Some of these are medical 
entomology courses leadi ng to a mas t er ' s  degree , wi th  a component in 
medical malacology . 

If one accepts the premise that , in part , the number of textbooks 
concerned wi th a subjec t re flect s  the teachi ng act ivi ty and/or interest 
in  the discipl ine , then i t  should be noted that during the pas t  20 
years only 4 books have been published for the teaching o f  medical 
malacology . The first appeared in 1960, in Portuguese ; the others,  in 
English, in 1962 , 196 5 ,  and 1974 (none ha s a second edition) . 

Opportunit ies  for f ield training in areas where snail-borne di seases 
a re endemic are still  too few, and close liai son wi th  developed coun
tries may be lacking . When such training is available , i t  is moat  
of ten t ied to specific grant s or  projec t s  o f  senior invest igators and , 
consequently,  may be l imited in time , may lack perspective and 
continui ty , and may be subject to the vagaries of granting institutions . 
On the other hand , in many of the developing count ries where endemic 
t rematode diseases exist , field studies are viewed with disdain as 
" second-class" sc ience . Consequently , professors and their s tudents 
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a re moat  likely to engage in problema that can be solved at the 
laboratory bench rather than in the f ield where the real problema of  
disea se prevai l .  

MANPOWER SITUATION 

Who , what , and where are the applied malacologiata?  I f  these individ
uals are defined in the broadest context o f  the discipline , then the 
majority will be found in  universitie s ,  as invertebrate zoologist s ,  
phys iologist s ,  genet icists , and so forth;  however , i t  i s  unlikely that 
even 1 in 20 has had more than a casual acquaintance wi th field 
situat ions , and even fewer have had ac tual experience in programs 
designed to con t rol snail-borne disease s .  All too frequently , field 
experience for the academic is in the form of short-term consultant
ships or grant s ,  which a re more apt to produce dilet tante s than 
pro fessionals .  Those few individua l s  func tioning as medical malacolo
giata  and/or associated wi th ac tua l control operations have usually 
been members of the armed forces ,  employees of  international , govern
mental ,  or philan thropic agencie s ,  or belong to the nat iona l staf f of 
schis tosomiasis control programs . 

Countries in which snail-transmi tted d i seases are a ma jor problem 
need at least 1 (probably more ) scient i s t  wi th comprehens ive training 
( M . Sc .  level at a minimum) and experience in applied (medical/ 
veterinary) malacology . These scientists  should be assigned , i f  
possible , t o  uni t s  dealing with the d iverse problema of vector biology 
and control . All staff in such unit s  should have had some fo rmal 
training (of at  leas t 2 months ' durat ion) in applied malacology wi th 
the aim of promot i ng multidisciplina ry  potential . If such uni t s  are 
needed but do not already exist , they should be created within 
government institution s ,  minis t ries of  health,  etc . Apart from the 
availability of adequate working facili ties to include practical f ield 
act ivitie s ,  career s tructure development mus t not be neglec ted . 

CONCLUSION 

In many developi ng countrie s ,  demand s for f resh water are inc reasing as 
a consequence of the expansion of irrigation schemes to provide 
agricul tural products  and by the need to develop hydroelec tric power 
requisite for economic and social progres s .  Fulfillment of these 
demands wi ll create new snail  habi tats  wi th a concurrent increase and 
spread of snail-borne diseases . Vec tor biologists  wi th special 
training in applied malacology are , unfo rtunately , vi rtually nonexistent , 
both in the developed countries where such schemes and impoundment plana 
a re of ten formali zed and funded and in the developing countrie s where 
their skills are beat  applied . The development of this type of 
manpower resource is of bo th national and internat iona l concern and 
warrants serious consideration. 
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CHAPTER 5 

Conclusions and Recommenda tions 

The workshop s teering com.it tee reaffirms and supports the findings and 
recommendat ions of a 1976 Nationa l  Research Counci l  study report on 
pea t  control and public health (Peat  Control and Public Health ,  
Volume V o f  a s tudy titled Pea t  Control :  An Assessment o f  Presen t and 
Al ternative Technologies ) .  The first recommendation o f  the s tudy team 
i a  highly germane to the present workshop report and ia theref ore 
re produced below:  

The control of arthropod vectors of di sease or 
othe r pea t s  of  publ ic heal th should be attempted 
only with re cognition, and insofar aa  possible an 
intimate knowledge , of the significance of the 
ecology and behavior of the target species and the 
epidemiology of the disease and wi th appreciation 
for environmental values that may be depreciated . 

The Study team therefore recommends that 
increased educational opportuni ties be made 
available in all a spect s  of integrated control of 
arthropoda of public health significance . 

NEED FOR FIELD STUDIES IN VECTOR BIOLOGY 

There ia an urgent need in almost all tropical countries to develop new 
or improved s t rategies  for control of major arthropod vectors of human 
disease . In many countries the e f fect iveness of current vector control 
programs i a  unknown . Field studies on the behavior , genetic s ,  and 
bionomics of confirmed or suspected arthropod vectors are requi red in 
every region or country where vector-borne diseases constitute a public 
health problem , ao  aa to ensure that control strategies are baaed on 
accurate biological i nformation . Such studies must  be conducted 
frequently because human population movement s ,  development schemes , and 
agricultural use of  pesticides are constantly changing the populat ion 
s tructure or vec torial capaci ty of  insect and snail vectors . 
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• It is recommended tha t at least  5 percent of  all U . S .  bilat eral 
assistance provided to developing countries for vec tor control 
programs be used to support collaborat ive vec tor biology f ield 
research by U . S .  and developing country scienti sts . Encouragement 
should be g iven to projects in  which research is  proposed and 
conduc ted jointly by control program officials and academic 
scient i s t s . Much of the assistance currently provided by USAID to 
developing count ry gove rnments is intended to support short-term 
needs for sprayi ng equipment and pesticides . Vec tor biology f ield 
research i s  often regarded as low priority within control programs 
and , as a consequence , may not receive f i rm budgetary commitment s .  
Workshop part ic ipants agreed tha t 5 percent o f  vector control 
assistance is a reasonable propo rt ion to  be designated for field 
studies , considering ( 1 )  that the f indings will be re levant to  
con t rol ac t ivitie s ,  and ( 2 )  tha t many federal agencies se t aside 
1 percent of their budgets  for evaluat ion . 

The number of highly qualified vec tor biologists  wi th field 
experience is pre sently below the crit ical level required to provide 
basic knowledge needed for the control of endemic vector-borne diseases 
in the tropics . Ironically, though , i t  mus t be recogni zed that 
qualif ied vec t or biologists from developi ng count rie s  often do no t f i nd 
jobs in

' 
their own countries . Long-te rm  inves tments  in appropriate 

t raining , supervision, and career posi t ions are needed t o  remedy this 
si tuation. Workshop participants expressed concern that interna tional 
organizations and donor agencies have been placing maj or emphas i s  on 
short-term training courses for vector control professional s and 
technicians while neglect ing long-tera academic and field training . 
Ye t such long-term training commi tments cannot be made re sponsibly 
wi thout a care ful assessment o f  future manpower needs and creation o f  
career opportunit ies for trainees . 

• It is especially recommended tha t  donor agenc ies support or conduc t 
a vector biology manpower needs assessment in each deve lopi ng 
country or region in which they currently support training programs 
or courses in vector biology . The se assessments shoul d  consider 
the number of  professional vector biologists  needed for teaching , 
basic research , applied research , and management of vector cont rol 
programs . 

TRAINING 

Academic traini ng programs in the United States for professional vector 
biologists are rare ly identified as such . Rather , medical entomolog i s t s  
and malacologists  engage in teaching and research wi thin department s  o f  
biology , entomology , epidemiology , and tropical medicine . The se i n  
turn are located wi thin schools  o f  public health,  medicine , or  agricul
ture and in facul ties of  arts and sciences . The number of  master ' s  and 
doctoral student s and postdoctoral fellows trained in vec tor biology at 
U . S .  univers i t ies is usually proport ional to  the number of facul ty 
members wi th research int erests in  arthropod vector s .  
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Three workshop participan t s  carried out independent mai l  surveys of 
academic re search and training centers i n  medical entomology and mala
cology . Thei r  findings were correlated and analyzed together . The 
workshop steering commit tee noted that only 12 department s  currently 
have 2 or more faculty members wi th intere s t s  in  medical entomology , 
whi le only 2 departments (as  of July 1983) train medical malacologis t s . 
Fina ncial support for these training programs comes primarily from 
re search grants , NIH po s tdoc toral fellowships , NIH training grants , the 
Envi ronmental Protect ion Agency , U . S .  Depa rtment of Agriculture , 
De pa rtment of De fense , and the World Heal th Organization .  Workshop 
part icipan ts estimated that if current t rends continue , only 10 new 
doc toral candidates can be expected to enter U . S .  vector biology 
p rograms annually . 

Both postdoc toral training and universi ty-based training in medical 
entomology have declined ( see Table 3 ) . Since 16 percent o f  the 
approximately 100 mas ter ' s  and doctoral candidates presently enrolled 
in u . s .  academic programs in medical entomology are foreign national s ,  
workshop part icipants conc luded that U . S .  university departments in 
vec t or biology a re an important resource for long-term training of 
s tudents from developing countries . However , this interna tional train
i ng role should be streng thened , adapted to  mee t  developing country 
needs , and enlarged i f  U . S .  centers are to maintain long-term col labo
rat ive relat ionships wi th vector biologi s t s  in developing countries . 
The following recommendation was endorsed as a possible solution to 
these problems . 

• The u . s .  Department of Health and Human Se rvices , Department of 
Defense , and !gency for Int ernat ional Development should coordinate 
and contribute funding to establish a competitive Facul ty Develop
ment Awa rd Program in Vec tor Biology wi th the aim of  strengthening 
faculty re sources in selected U . S .  academic training centers ( o r  
combinations o f  centers) . A t  least  1 5  5-year awa rd s should be made 
over a 3-year period to individual junior facul ty members based at  
several insti tutions in the Uni ted State s .  Recipient s should be 
selected on the basis of their potent ial ability to train U . S .  and 
foreign vec tor biologi sts  for work in developing countries . Thi s 
program might be de signed similarly to Ti tle XII activities involv
ing USAID and U . S .  ag ricultura l universities ( see USAID Policy 
Direct ive on Ti tle XII , PD-4 , Oc tober 5, 1982) . One of these 
act ivi ties es tabl ishes a Joint Career Corps i n  which university 
faculty agree to spend about one-third o f  their time overseas wi th 
USAID programs tours of  2-4 years . 

Formal academic trai ning is not sufficient to produce a vec tor 
biologist capable of  organizing and conduct i ng field studies . Super
vised field experience for several years is critical in the formation 
and orientat ion of such a professiona l .  Thi s  is  especial ly true today , 
when money for overseas travel is scarce and laboratory re search on 
insect physiology , genet ics , molecula r biology , and microbiology pro
duces re sults  and publications rapidly . Even in developing countries , 
quality field experience may be difficult to obtain due to lack o f  
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emphasis on field re search and the absence of appropriate role model s .  
Highly trained vec tor biologists returning t o  the ir  own countries from 
the United States are often given admini s t rative dut ies or inappropriate 
teaching assignments that preclude involvement in researc h .  In addi
tion,  they may be i solated f rom the mult idiscipl inary skills  neede d for 
field studie s .  

Col laborat ive programs provide excel lent opportuni ties f o r  young 
scientists  f rom developed and developi ng countries to gain  appropriate 
f ield experience in vec tor biology . Examples o f  such programs are the 
National Institute s of Heal th ' s  Internat ional Cent ers for Medical 
Research and Training and its International Ce nters for Infec tious 
Disease Research grant s ,  the USAID-funded tripart ite projec t in Egyp t 
on arbovi ruse s ,  and the laboratories  ma intained by the Centers for 
Disea se Control in Central America and the Ca ribbean . New programs 
that may provide field experience training opportunit ies are the 
USAID ' s  Off ice of the Science Advisor ' s  resea rch support for vec tor 
biology and the Na tional Research Counci l ' s  re search pro ject on 
mosqui to vectors . 

• The U . S .  De partment of Health and Human Se rvices , Department o f  
Defense , and Agency for Internat ional Development should 
coopera tive ly develop a competit ive grant s program to support 
research and training i n  vector biology . Fund s should be available 
for pre doctoral , postdoc tora l ,  and faculty re search projec t s .  
Recipient s could be from bo th developed and developing countries . 
A significant pa rt of the ac tivity of each grant should be ca rried 
out in a developi ng country . Preference in larger program grants 
might be given to uni ts created from the combined re sources o f  2 or 
mo re de partments of institutions and to  those ac t ivi ties 
(1) i nvolvi ng strong collaborat ion between vector biologi s t s  from 
developed and developi ng countrie s ,  ( 2 )  deal ing wi th field biology 
o f  tropical disease vectors , and ( 3 )  wi th a strong training com
ponent . Donor agencies a re urged to be flexible and to consider 
long-term f ield re search fellowshi ps for junior investigator s .  

CAREER OPPORTUNITIES 

The number of academic posit ions for vector biologists in U . S .  
universi t ies i s  not expected t o  expand significantly over the next 
decade . Almost all of the state health departments responding to  a 
questionnai re indica ted they needed more professiona l vec tor biologi s t s , 
whi le about one-f i fth ant icipa ted an increase in the number of po si
tions . Compa ri son of  numbers o f  federal agency positions for vector 
biologists was dif ficult because different levels of training were 
re qui red for each posi tion.  Very few private companies or consulting 
f irms in the Uni ted States employ pro fessional medical entomologist s ,  
largely because o f  the low demand f o r  services and the traditional 
expec tation that vector control is a responsibility of publ ic health 
authorities . Ca re er opportunities i n  vector biology appear mos t  stable 
i n  the armed forces ,  but have declined dramat ically in  USAID and the 
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u . s .  Public Health Service . Of a l l  u . s .  government agencie s ,  the 
Publ ic Health Se rvice deals with the widest  variety of activities 
involvi ng vectors . 

• It ia recommended that the Surgeon General of the U . S .  Public 
Heal th Service commission an independent , external review of all 
agency programs related to vector-borne di sease , wi th special 
consideration given to the adequacy of professional staffing ,  Such 
a review ia currently being conduc ted at USAID wi th re spec t to the 
agency ' s  support for malaria contro l .  

Career opportunities f o r  vector biologists  are se riously lacking in 
moat developing count ries where manpower needs are the greatest . The 
causes of thi s si tuation include hiring policies of na tional govern
ment a ,  scarce financial resources , lack of highly qualified candidate s ,  
and lack o f  training programs . Vec tor biologists  i n  universities have 
l i t t le contact wi th professionals in vector control programs . 

• It ia recommended that public health authori ties in  countries with 
a high burden of i llness from vec tor-borne di seases create 
appropriate career posit ions for professional vec tor biologists . 
Such positions should i nclude long-t erm training oppo rtunities , i f  
necessa ry ,  and affiliation with a re search institute or university . 
In addition , a designated portion of the ir t ime should be spent in 
field re search , 

MALACOLOGY 

Separate recommendations were not formulated for malacology training 
and career deve lopment , because the term vector biology i a  intended 
broadly to  include the s tudy of sna i l  hos t s  of  human di seases . It i R  
hoped that applied malacology training and re search will be inc luded in 
any programs intended t o  suppo rt career development i n  vec tor biology , 
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September 29--Plenary Session 

9 : 30 am Welcoming Remarks 
John Hurley 
Director of BOSTID 

9 : 4 5  am Introduction 
George Craig 
Workshop Chairman 

1 0 : 00 am Overview of Problem 
William Reeves 

10 : 30 am Opening Addresse s :  

APPENDIX A 

Agenda 

Cont ributions of Vector Biology 
Field Studies to Disease Control 
Noman Gratz ,  Louis Mille r ,  Wilbur Downs 

11 : 30 am Discussion 

12 : 00 pm Lunch break 

STATUS OF MANPOWER RESOURCES FOR VECTOR BIOLOGY FIELD STUDIES 

1 : 00 pm Brazil--Leonidas Deane 
Survey in United States--Robert Gwadz 
Malacology--Edward Michelson 
Directory--Eugene Gerberg 
WHO ( International)--Rene LeBerre 
U . S .  Public Health Service--George Hut ton 

3 : 00 pm Discussion 
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STATUS OF FIELD RESEARCH AND CONTROL ACTIVITIES 

3 : 30 pm International Organizations--Norman Gra tz 

4 : 00 pm United States Agency for Internat ional Development-
James Erickson 

4 : 20 pm Land-Grant Universities--Bruce Eldridge 

4 : 40 pm Other U . S .  Universities--Andrew Spielman 

September 3D--Plenary Ses sion 

STATUS OF FIELD RESEARCH AND CONTROL ACTIVITIES ( Continued ) 

9 : 00 am u . s .  Department of Agriculture--Ralph Bram 
State Health Departments--Donald Womeldorf 
Military--Houfied Moussa 
Centers for Disease Control--Robert Kaiser 
National Inst itute of Allergy and Infec tious 

Di seases--Karl Wes tern 
Tanzania--wen Xilama 
Malacology--Jack Burch 

10 : 4 5  am Discussion 

11 : 20 am Obstacles to Career Development--George Davia 

11 : 35 am Discussion 

12 : 30 pm Lunch break 

1 : 45 pm Working group participants  depart for Coolfont . 

October !--Working Group Sessions 

Working groups prepare outlines of their reports ,  discuss 
and agree on recommendations ,  and draft  report . 

Oc tober 2--Final Plenary Se ssion of Working Group Part icipants 

9 : 00 am Chairmen present report s and recommendations of working 
groups , followed by discussion . 

1 2 : 00 pm Lunch 

1 : 30 pm Depart for Wa shington , D . C .  
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APPENDIX B 

Mailing List  for Survey of Entomology Training 
in Land-Grant Insti tutions 

Dr . ICirby L. Hays , Head 
Department of Zoology 

and Entomology 
Auburn University 
Auburn , Alabama 36830 

Dr .  George W. Ware , Head 
Department of Entomology 
University of Arizona 
Tucson , Arizona 85721 

Dr.  Gerald J.  Musick , Head 
Department of Entomology , AG 317 
University of Arkansas 
Fayetteville , Arkansas 72701 

Dr . Edward Sylvester , Chairman 
Department of of Entomology 

and Parasitology 
University of California 
Davi s ,  California 94720 

Dr . Robert Washino 
Department of Entomology 
University of California 
Davi a ,  California 95616 

Dr . Ralph D. March , Chairman 
Department of Entomology 
University of California 
Riverside , California 92592 

Dr.  c. L. Ralph , Chairman 
Department of Zoology and 

Entomology 
Colorado State University 
Fort Collin s ,  Colorado 80521 

Dr . John F. Anderson , Head 
Department of Entomology 
Connecticut Agriculture 

Experiment Station 
P . O .  Box 1106 
New Haven,  Connecticut 06504 

Dr . Dewey M .  Caron , Chairman 
Department of Entomology and 

Applied Ecology 
University of Delaware 
Newark , Delaware 19711 

Dr . Daniel Shankland , Chairman 
Department of Entomology and 

Nematology 
University of Florida 
Gainesville , Florida 32611 

Dr . Preston E .  Hunter , Head 
Department of Entomology 
University of Georgia 
Athena , Georgia 30602 

Dr . John W. Beardsley , Chairman 
Department of Entomology 
University of Hawai i 
Honolulu, .!!!!!!!_ 96822 

Dr . Marc Klowden 
Department of Entomology 
University of Idaho 
Moscow,  Idaho 83843 

Dr . Stanley Freidman, Head 
Department of Entomology 
University of Illinois 
Urbana , Illinois 61801 
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Dr , Eldon E .  Ortman , Bead 
Department of Entomology 
Purdue University 
Lafayette , Indiana 47907 

Dr . Paul A. Dahm ,  Chairman 
Department of Entomology 
Iowa State University 
Ames ,  Iowa 50011 

Dr . Robert G ,  Helgesen, Head 
Department of Entomology 
Kansas State University 
Manhattan , � 66502 

Dr . Robert Beer , Chairaan 
Department of Entomology 
University of Kansas 
Lawrence ,  � 66044 

Dr. Bobby C. Paa a ,  Chairman 
Department of Entomology 
University of Kentucky 
Lexington , Kentucky 40506 

Dr , Jerry B. Grave s ,  Bead 
Department of Entomology 
Loui siana State University 
Baton Rouge , Louisiana 70803 

Dr . H .  Y. Forsythe , Chairman 
Department of Entomology 
306 Deering Hall 
University of Maine 
Orono , Maine 04473  

Dr . Allen Steinhauer , Chairman 
Department of Entomology 
University of Maryland 
College Park , Maryland 20740 

Dr . Ring T, Carde , Head 
Department of Entomology 
University of Massachusetts  
Amherst ,  Massachusetts  01002 

Dr . James E. Bath , Chairman 
Department of Entomology 
Michigan State University 
East Lansing , Michigan 48824 
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Dr . Milton W ,  Weller , Head 
Department of Entomology , 

Fisheries ,  and Wildlife 
University of Minnesota 
St . Paul ,  Minnesota 55101 

Dr . Tom J. Helma , Bead 
Department of Entomology 
Miaaiaaippi State University 
State College , Miaaiaaippi 39762 

Dr , Tom R .  Yonke , Chairman 
Department of Entomology 
University of Missouri 
Columbia ,  Missouri 65201 

Dr . James M. Pickett , Head 
Department of Biology 
Montana State University 
Bozeman,  Montana 59715 

Dr . E.  A .  Dickason , Chairman 
Department of Entomology 
203 Plant Industry 
University of Nebraska 
Lincoln, Nebraska 68503 

Dr . Tom Fisher , Chairman 
Department of Entomology 
University of New Hampshire 
Durham, New Hampshire 03824 

Dr . Herbert Streu , Chairman 
Department of Entomology 

and Economic Zoology 
Rutgers University 
New Brunswick , New Jersey 08903 

Dr . Ellis  W, Huddleston, Head 
Department of Entomology and 

Plant Pathology 
New Mexico State University 
Las Cruces , New Mexico 88003 

Dr . Maurice Tauber, Chatman 
Depa rtment of Entomology 
Cornell University 
Ithaca , New York 14853 
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Dr.  Ron J .  Kuhr , Head 
Department of Entomology 
North Carolina State Universi ty 
Raleigh , North Carolina 27607 

Dr . J .  Ted Schulz , Chairman 
Department of Entomology 
North Dakota State University 
Fargo,  North Dakota 58102 

Dr. D .  Lyle Goleman , Chairman 
De partment of Entomology 
Ohio State University 
Co lumbus , Ohio 43210 

Dr . Donald C. Peters ,  Head 
Department of Entomology 
Oklahoma State University 
Stillwater , Oklahoma 74674 

Dr . Charles W .  Pit t s ,  Head 
Department of Entomology 
Pennsylvania State University 
Univers i ty Park , Pennsylvania 16802 

Dr . J .  R. Toro , Director 
Department of Entomology 
University of Puerto Rico 
Hayaquez ,  Puerto Rico 00708 

Dr. Richard W. Traxler , Chairman 
Department of Plant Pathology 

and Entomology 
University of Rhode Island 
Kingston, Rhode Island 02881 

Dr. S idney B. Hays , Head 
Department of Entomology and 

Economic Zoology 
Clemson Universi ty 
Clemson , South Carolina 29631 

Dr. M .  L. Horton, Head 
Department of Plant Sciences 
South Dakota State University 
Brookings , South Dakota 57006 

Dr . C. J. Southards ,  Head 
Department of Agricultural 

Biology 
University of Tennessee 
Box 1071 
Knoxville , Tennessee 39701 

Dr . Powden G. Maxwell,  Head 
Department of Entomology 
Texas A&M University 
Col lege Station, � 7 7843 

Dr . Gene Mi ller , Head 
Department of Biology 
Utah State University 
Logan, .!!!!.!!. 84321 

Dr . George B .  MacCol lom,  Head 
Department of Entomology 
University of Vermont 
Burlington, Vermont 05401 

Dr . Sidney L .  Poe , Head 
Department of Entomology 
Virginia Polytechnic Institute 
Blacksburg , Virginia 24061 

Dr . E. Paul Cat t s ,  Jr . ,  Chairman 
Department of Entomology 
Washington State University 
Pullman, Wa shington 99164 

Dr . M .  E. Gallegly , Chairman 
Division of Plant Sciences 
We st Virginia University 
Morgantown , West Virginia 26506 

Dr . G .  R. Defoliart , Chairman 
Department of Entomology 
University of Wisconsin 
Madison, Wi sconsin 53706 

Dr .  Lee I. Painter , Head 
Division of Plant Science 
University of Wyoming 
Laramie , Wyoming 83071 
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