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This case study report is part of the series The value of pyrethroids in North American agriculture and 
urban settings — researched and produced by AgInfomatics, LLC — that represents an indepen-
dent and comprehensive analysis of the economic and societal benefits of pyrethroid insecticides 
(bifenthrin, cyfluthrins, cyhalothrins, cypermethrins, deltamethrin, esfenvalerate, fenpropathrin, 
permethrin and tefluthrin). The estimated value of these compounds was based on robust quan-
titative and qualitative study methods including econometrics, modeling of insecticide use, crop 
yield data, market impacts, surveys of growers, surveys of professional applicators and in-depth 
case studies.  This specific report is an in-depth case study of the use of pyrethroids in a non-agri-
cultural setting — specifically, the control of vectors as a means to limit the transmittal of diseases 
to humans. A vector refers to a situation when a living organism transmits an infectious pathogen 
to another living organism. 

In the overall series (besides calculating value using different methods), the discussions behind 
this case study also asked a critical question — what would happen, and how would users cope if py-
rethroids were no longer available or restricted beyond the current situation?  Answering this question 
involved of two-step process of initially learning how pyrethroids were currently employed and 
then inducing a thinking process on what changes would likely occur if access changed.  

This case study was implemented in Florida in early 2016, as there is consensus that this part of the 
continental United States is the 'front lines' in the management of mosquito-transmitted viruses.  
Experts from a variety of institutions were contacted and interviewed.  This case study examines the 
background of endemic vector-borne diseases in the U.S., the risks associated with this vector, and 
how vectors are best managed.
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Executive summary

This case study was conducted to determine the value of pyrethroids in con-
trolling mosquito vectors in Florida and preserving public health. Reoccurring 
themes demonstrated that pyrethroids are essential in managing current en-
demic disease threats and combating new virus introductions (such as Zika). 

Main insights from public health vector control in the continental U.S.

 X Pyrethroids are essential tools to manage the pests that may transmit 
disease, including mosquitoes and ticks.

 X The only alternative chemistries to pyrethroids for wide-area spraying of 
adult mosquitoes are the organophosphates naled and malathion, which 
are also undergoing registration review.  Alternative chemistries are 
available for larval mosquito control.

 X There is a high probability that new mosquito-borne viral threats will be 
introduced into the continental U.S. from neighboring countries where 
they are endemic. Pyrethroids used by mosquito control districts are 
essential to mosquito control.

 X The mosquito vectors of Zika (Aedes sp.) require control approaches (in 
addition to the traditional mosquito control district approaches) that 
target residences and yards. Pyrethroids used for mosquito control as 
barrier surface treatments are the only active ingredients registered for 
these uses.

 X Permethrin (a pyrethroid) is the only insecticide registered to treat mili-
tary clothing and protect deployed personnel from pests.  

 X Pyrethroids are a key component for control of ticks that may transmit 
disease  (e.g. Lyme disease).

 X Pyrethroids are essential as repellents and control agents to control 
livestock pests.

The loss of pyrethroids would quickly and significantly increase both public 
health risks and livestock pest concerns.  It is evident that pyrethroids are the 
essential tool to manage pests that may vector disease. 
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1.1 The importance of pyrethroid insecticides in mosquito control in the 
continental U.S. 

This report is focused primarily on the management of mosquitoes in the 
continental U.S., with a focus on Florida where vector control is tradition-
ally a high priority and considerable state, federal and local resources are 
devoted to vector management. Comparisons are also drawn with other 
states (see section 1.4.1 for specific states) where similar problems exist to 
encompass the scope of mosquito control on a national scale.

While the report is focused on mosquito transmitted viruses, which are cur-
rently endemic in the continental U.S., it also assesses the potential risks for 
the establishment of three additional virus diseases, Chickungunya, Dengue 
and Zika. These viruses are already endemic in U.S. territories and countries 
in close proximity to the continental U.S. They share the same vector mosqui-
toes, Aedes sp., which are also widely distributed in the U.S. and have a high 
probability for introduction. The mosquito control programs that are cur-
rently in use in Florida and many other states rely extensively on pyrethroid 
insecticides, and these pyrethroid materials will be the front line of defense if 
any of the new viruses become established.  

1.2 Endemic arthropod transmitted diseases in the continental U.S.

Many thousands of people in the U.S. and around the world are at risk from 
viral and bacterial diseases transmitted by arthropod vectors (1). In the con-
tinental U.S., the primary vectors of concern are mosquitoes, which transmit 
viruses, and ticks, which transmit viral, bacteria and rickettsia agents (2). 
This report focuses mainly on mosquito-borne diseases, although endemic 
tick-borne diseases are also discussed when appropriate.

The most widely distributed mosquito-borne diseases that are endemic 
and have demonstrated local transmission in the continental U.S. are West 
Nile virus (WNV), La Crosse Encephalitis (LCE), Eastern Equine Encephalitis 
(EEE) and St. Louis Encephalitis (SLE).  Of the tick-transmitted bacterial and 
rickettsial agents that are transmitted locally and cause disease in the U.S., 
Lyme disease and Rocky Mountain spotted fever are the most prevalent. 
These diseases, their primary vectors, hosts, distribution and incidence in 
the U.S. (drawn from Centers for Disease Control and Prevention fact sheets) 
are summarized in Table 1. Endemic Arthropod-borne Diseases in the 
Continental U.S (2).  While tick-borne diseases are widely distributed in the 
U.S. and cause considerable economic damage, they are managed using 
different approaches from those used in mosquito control and, other than 
specific cases in Florida, they are not covered in this report. 

West Nile virus is the most widespread and damaging of the arboviruses in 
the U.S. (3) and is an excellent example of how a new disease can be imported, 
become endemic and rapidly escalate into to a serious public health threat.

First isolated in Uganda in 1937, WNV rapidly spread throughout much of 
the world with outbreaks reported in Africa, Asia, Europe, the Middle East 
and most recently in the continental U.S. West Nile virus was first reported 

Ixodes scapular, the black-legged tick or deer tick

Western Encephalitis Mosquito (Culex tarsalis), 
Joseph Berger, Bugwood.org

Asian tiger mosquito (Aedes albopictus),  
Susan Ellis, Bugwood.org
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in New York in 1999 with 61 cases and seven deaths and has since spread to 
almost all states with sporadic epidemics in 2002-2003 (1,000+ cases) and 
2012 (5,000+ cases). The primary vectors are in the Culex genus although 
over 40 species in several genera have also been reported as vectors. The 
primary hosts are wild birds that serve as the infection source from which 
infective mosquitoes can spread WNV to humans and horses. Humans 
and horses are 'dead end' hosts with no subsequent transmission to other 
hosts. States with the highest infection rates (CA, TX, CO, IL, ND, SD, OK) are 
generally located on major migration flyways for wild birds. In California 
where the highest incidence of WNV occurs, the disease is an annual public 
health threat with 798 cases and 29 deaths reported in 2014, resulting in 
significant costs for medical treatment and lost productivity. These were 
estimated at close to $3 million in Sacramento and Yolo Counties alone in 
2005 from 163 cases (4). Horses are also susceptible to WNV and following 
the first major epidemic in the U.S. in 2002, over 15,000 equine cases were 
reported with significant deaths from infection and euthanasia. Since the 
2002 outbreak, an equine vaccine has been introduced and cases have 
declined to less than 400 cases per year (5). There is no human WNV vaccine 
and cases continue to fluctuate as dictated by the effectiveness of con-
trol programs and environmental conditions. Publicly and locally-funded 
mosquito control districts throughout the U.S. are committed to aggressive 
vector management programs using trapping and surveillance to deter-
mine vector threat levels, monitoring virus incidence to determine risk and 
adult and larval control programs to reduce populations.

Other endemic, mosquito transmitted viruses in the continental U.S. are less 
prevalent than WNV but still require significant state and local resources for 
vector management and result in public health threats annually (Table 1). 
La Crosse encephalitis is most severe in south-central and eastern states 
(WV, TN, NC, OH) with 85 cases reported in 2013 (2). The transmission cycle 
for LCE involves small mammals as the virus source, Aedes triceriatus as 
vectors and humans as dead end hosts. Eastern equine and SLE are less 
widely distributed with close to 10 cases reported annually (2). Both have 
wild birds as the virus source, humans and horses as secondary hosts and 
Culex sp. as vectors. Eastern Equine Encephalitis is common in eastern states 
(FL, GA, MS, NJ) and SLE is primarily found in the south-central states (AK, 
TX, LA, MS).    

1.3 Mosquito transmitted viruses not currently endemic in the U.S. but have a 
high probability for introduction and attaining epidemic status

West Nile virus — which was unknown in the U.S. prior to 1999 and yet a de-
cade later, seriously sickened 5,674 people — provides an excellent warning 
signal for the potential public health threats that are posed by other mosqui-
to transmitted diseases that are emerging in close proximity to the continen-
tal U.S. As rapid global travel increases and land uses evolve, the potential for 
rare or new vector-borne pathogens to emerge, cross borders and create new 
health threats also increases. This is exemplified by existing cases  of Chikun-
gunya virus (CV) and Dengue Fever (DF) and now most recently, by the threat 
of the Zika virus, which was introduced into Florida and became endemic 
after this report was written. The current status of these potential threats to 
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Table 1.  Endemic Arthropod-borne Diseases1 in the Continental U.S. 

Disease Primary Host Secondary Host Primary Vectors
Incidence  
(year: cases) Primary States

Mosquito Transmitted Viruses

West Nile (WNV)
Virus

Birds Humans, horses, 
dogs

Mosquito genera:  
Culex, Aedes, Anopheles 
(over 40 species)

Epidemics 
2003:  10,000 
2013:  5,000

California, Texas, Colorado, Illinois, 
North Dakota, Oklahoma       

La Crosse  
Encephalitis (LCE)

Small mammals Humans Aedes triceriatus 2013:  85 West Virginia, Tennessee, North 
Carolina, Ohio

Eastern Equine  
Encephalitis (EEE)

Birds Humans, horses Mosquito genera:  
Culiseta, Culex, Aedes

2013:  8 Florida, California, Massachusetts, 
New Jersey

St. Louis 
Encephalitis (SLE)

Birds Humans, horses Mosquito genus: Culex Epidemic, 1975: 2,000 
2004-2013: 7 per year

Arkansas, Texas,  
Louisiana, Mississippi

Tick Transmitted Bacterial Diseases

Lyme disease 
Borrelia burgdorferi

Small mammals /
deer

Humans Ixodes scapular,  
black-legged tick or deer tick

2005-2013: 20,000-
30,000 cases per year

Connecticut, Delaware, Maine, 
Maryland, Massachusetts, New 
Hampshire, New Jersey, New York, 
Pennsylvania, Vermont, Rhode Is-
land, Virginia, Minnesota, Wisconsin

Tick Transmitted Rickettsia Bacterial Diseases

Anaplasmosis 
Anaplasma  
phagocytophilium

Small and large 
mammals

Humans Ixodes scapular,  
black-legged tick or deer tick 
(northeast and upper midwest) 
Ixodes pacificus,  
western black-legged tick 
(northern California)

2000:  348 
2010:  1,761

New York, Connecticut, New Jersey, 
Rhode Island, Minnesota, Wisconsin, 
California

Ehrlichiosis 
Ehrlichia chaffeensis

Small and large 
mammals, turkeys

Humans Amblyomma americanum,  
lone star tick

2000:  200 
2008:  961

Mainly the southeastern and south 
central states. 30% in Oklahoma, 
Arkansas and Maryland

Rocky Mountain 
Spotted Fever 
Rickettsia rickettsii

Rodents Humans Dermacentor variabilis,  
wood tick 
Dermacentor andersoni, 
Rocky Mountain wood tick

1993:  345 
2008:  2,553

Widespread

1 Other public health concerns resulting from arthropod/human/animal interactions in addition to the major mosquito and tick transmitted diseases considered in this 
report include the following: fleas and plague; mosquitos and heartworm in pets; bedbugs and skin infections;  head lice in humans; stinging insects and anaphylactic 
shock; flies/midges and livestock; arthropods associated with filth and endo-bacterial diseases; insects and allergies; and others. Many of these concerns are managed 
locally by the general public using  pyrethroid insecticides which are frequently the only alternatives that are widely available and have the low mammalian toxicity 
required for use on humans and animals. While these public health concerns are rarely given the attention commanded by human diseases transmitted by mosquitoes 
and ticks, they represent significant ongoing concerns impacting millions of citizens. Pyrethroids are often the only alternatives to effectively manage these concerns and 
need to be considered when addressing the potential impacts of pyrethroid re-registration.  These uses are summarized in the Appendix A ( J. K Sharpe, 2016).
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human health are listed in Table 2. Potential New Threats for Importation 
and Establishment of Mosquito-borne Virus Diseases to the Continental U.S. 

Chikungunya virus and DF represent the two most serious existing threats 
that are already endemic in the U.S. territory Puerto Rico and other areas 
in the Americas (6,7). The primary vectors of both viruses are Aedes aegypti, 
which is distributed widely in the southern and eastern U.S. and Aedes 
albopictus, which is more widely distributed and reaches further north into 
eastern and midwestern states. A. aegypti and A. albopictus are closely asso-
ciated with humans (the primary hosts for the viruses) and their dwellings 
where water-holding containers in and around the home provide the need-
ed aquatic habitat to complete their development. The mosquito lays eggs 
on the sides of containers with water, and the eggs, which can survive ex-
tended dry periods, hatch into larvae after rain or flooding. Larval and pupal 
stages require only 7-10 days to complete development. It is very difficult 
to control or eliminate Aedes vectors because they are highly resilient and 
have the ability to rapidly bounce back to initial numbers after disturbances 
resulting from natural phenomena (e.g., drought) or human interventions 
(e.g., control measures).

Chikungunya virus is widely distributed in Africa and Asia, but prior to 2006,  
it was rarely detected in travelers entering the U.S. From 2006-2013, however, 
incidence rapidly expanded and an average of 28 travelers per year returning 
to the U.S. were detected with CV infection. In 2013, local transmission was 
confirmed in the Americas and in Puerto Rico. In 2014, infections detected in 
U.S. territories increased to 4,710 with 4,650 local transmissions in Puerto Rico. 
Most of the CV detections in travelers entering the U.S. were at major ports of 
entry with 29% in New York and 17% in Florida, and in a disturbing new find 
in 2015, 12 cases were locally transmitted in Florida indicating establishment 
and the potential for a recurring endemic threat (6).

Dengue virus is a leading cause of illness and death in the tropics and sub-
tropics, with more than one-third of the world’s population living in areas at 
risk of infection (7). Dengue virus emerged as a worldwide problem in the 
1950s and is now endemic in at least 100 countries in Asia, the Pacific, the 
Americas, Africa and the Caribbean. The World Health Organization (WHO) 
estimates that 50 to 100 million infections occur yearly, including 500,000 
serious clinical expressions and 22,000 deaths, mostly among children.

Although DV rarely occurs in the continental U.S., it is endemic in Puerto 
Rico, which suffers 3,000 to 9,000 cases in non-epidemic years and 10,000 
to 25,000 cases during active epidemics (8). Dengue virus is also endemic in 
many popular tourist destinations in Latin America, Southeast Asia and the 
Pacific Islands, including 250+ cases in Hawaii in 2015-16.

Epidemics require a coincidence of large numbers of vector mosquitoes, 
a susceptible population and the opportunity for contact between the 
two.  Although Aedes vectors are common in the southern U. S. and the DV 
is endemic in northern Mexico and other countries and territories close to 
the continental U.S., no local infections have occurred in the U.S. thus far. 
Nearly all DV cases reported in the 48 continental states were acquired else-
where by travelers or immigrants; because contact between Aedes and peo-
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Table 2.  Potential New Threats for Importation and Establish-
ment of Mosquito-borne Virus Diseases to the Continental U.S. 

Virus
Host 
Cycle Primary Vectors World Distribution

Areas Close to 
U.S.

Incidence 
in Puerto 
Rico

Chikungunya 
virus (CV)

Human to 
human

Aedes aegypti 
Aedes albopictus

Africa, Asia, Europe, 
South America,  
Central America

Puerto Rico,  
Caribbean, 
Central America

4,000-
5,000 per 
year    

Dengue 
Fever (DF)

Human to 
human

Aedes aegypti 
Aedes albopictus

Tropics, Worldwide Puerto Rico, 
Caribbean, 
Central America

10,000  
per year

Zika virus Human to 
human

Aedes aegypti 
Aedes albopictus

South America,  
Central America, 
Caribbean

Puerto Rico,  
Caribbean, 
Central America

570 cases 
(2016)

ple is infrequent in the continental U.S., these imported cases rarely result in 
secondary transmission, and the last reported continental DV outbreak was 
in south Texas in 2005 (7). As development in rural areas continues in states 
such as Florida, Alabama and Louisiana, however, the potential for contact 
between infected humans (who acquired the virus elsewhere) and Aedes 
vectors increase the chance for new local infections and consequently, the 
increased potential for establishment and epidemic spread.

Zika virus is the most recent threat of a potential new mosquito-borne virus 
introduction to the continental U.S. (9). This threat is receiving widespread 
publicity in the U.S. because of the close proximity of countries where 
Zika is endemic, the presence of an efficient vector, Aedes aegypti,  and 
although 80% of individuals infected with the Zika virus are asymptomatic, 
the disturbing clinical demonstration that infection during pregnancy can 
result in a serious birth defect called microcephaly. Zika was first described 
in 1947 in the Zika forest in Uganda with the 1st human cases in 1952 and 
subsequent outbreaks in Africa, Southeast Asia and the Pacific Islands. 
Before 2007, only 14 Zika cases were confirmed (although it is likely that 
other cases were not reported due to its mild symptoms and the similarity 
to other diseases). The spread of Zika rapidly expanded after 2007, however, 
and although the first confirmed case in the Americas was not until 2015 in 
Brazil, this finding was followed immediately in 2016 by a WHO declaration 
of a ‘Public Health Emergency of International Concern’ with endemic local 
transmission reported in 39 countries throughout the Americas and the 
Caribbean. In the U.S. territories, 570 locally transmitted cases have been 
reported in Puerto Rico, indicating that the virus is endemic and can be 
expected to reoccur annually. 

In the continental U.S. (as of June 22, 2016), 819 cases of Zika have been 
confirmed, but these have all been in travelers returning from areas where 
the disease is endemic and local transmissions have only recently occurred 
in small areas of Miami, Florida. Over 50% of Zika detections in the Continen-
tal U.S. have occurred in Florida (126), New York (198), Texas (42) and Califor-
nia (52). The close proximity of the virus, the vector and susceptible human 
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populations in the southern and southeastern U.S. significantly increases the 
probability that local transmissions in the U.S. will occur in 2016 (10).  

1.4 World-wide disease threats that have the potential to impact U.S.  
public health

In the past two decades, many important vector-borne disease threats that 
were considered to be under control and an increasing number of new 
public health threats have re-emerged as global concerns. The potential for 
vector borne diseases to spread globally is influenced by changes in climate, 
ecology, land use patterns and the rapid and increased movement of people 
and goods between geographic areas that were previously isolated. This re-
port is focused on those diseases that are already present in the continental 
U.S. or have the highest potential for importation (Tables 1 and 2). Additional 
public health threats that are not of immediate concern in the U.S. but have 
overlapping vector complexes and the potential to be rapidly introduced 
were summarized by the World Health Organization in 2014 and shown in 
Table 3. Additional potential threats to public health from importation of 
vector-borne diseases to the continental U.S.

The approaches and tools that will be of critical importance to manage 
these diseases  if they are introduced are the same as those described  in 
this report for managing public health threats that are already endemic. 
Pyrethroid insecticides will play a critically important role in this endeavor 
and the role of this insecticidal class in managing both current and poten-
tial future  vector borne diseases needs to be considered. 

1.5 Management of endemic mosquito transmitted viruses in the U.S. and the 
need to be prepared to manage emerging virus threats

The arthropod-borne diseases that are already endemic in the continental 
U.S. represent a significant and increasing threat to public health — with 
extensive costs associated with managing vector populations and treat-
ing diseases, coupled with losses in productivity, declines in quality of life 
and even deaths. The importance of managing endemic arthropod-borne 
diseases (the focus of this case study) was emphasized by Senator Bob 
Wieckowski, Chair of the Environmental Quality Committee of the California 
Legislature, who stated in 2015: 

“While a lot of attention has been given to Zika virus, West Nile virus killed more 
Californians in 2015 than in any other year before. Properly funded local abate-
ment programs are vital to protecting health and saving lives (11).“

While this report is focused on the role of pyrethroids in managing existing 
endemic mosquito-borne virus threats, it is important to remember that the 
approaches and tools currently employed to manage these endemic threats 
will also be the tools needed to manage new and potentially larger public 
health challenges that will arise if Zika, DF or CV become established in the 
continental U.S.

Among the many media reports and expert opinions detailing the potential 
for epidemics of mosquito-borne viruses in the continental U.S., it is evident 
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that the Gulf Coast has a high potential to become the epicenter of initial 
epidemics (12).  Florida, Texas and Louisiana all have ideal climates for Ae-
des, Culex and other mosquito vectors, all are close to countries where mos-
quito-borne viruses are endemic, all have experienced their own epidemics 
of locally-transmitted viruses, and all have international airports bringing 
streams of travelers from areas where epidemics are ongoing. For these 
reasons, this report was focused on Florida where considerable Federal, 
State and local resources are devoted to the management of vector-borne 
diseases. 

Historically, Florida has suffered from repeated large epidemics of serious 
mosquito-borne disease, including yellow fever, malaria, DF and several 
arthropod-borne encephalitis viruses (13). The state is also susceptible to in-
vasion by other emerging diseases arising in the region. In the past 35 years, 
SLE and EEE have become increasingly important in Florida. St. Louis en-
cephalitis was the most serious mosquito-borne disease in the latter half of 
the 20th century with epidemics occurring regularly and the largest in 1990 
reporting 226 cases and 11 fatalities across 28 counties. Eastern equine en-
cephalitis epidemics in humans are rare with 1-2 cases per year, but equine 

Table 3. Additional potential threats to public health from im-
portation of vector-borne diseases to the continental U.S.
Resource for data:  http://apps.who.int/iris/bitstream/10665/111008/1/WHO_DCO_WHD_2014.1_eng.pdf

Virus Primary Vectors Global Incidence and Severity

Malaria/plasmodium Anopheles sp 
mosquitos    

207 million cases,627,000 deaths in 2012 
Africa, Asia, Americas    

Yellow fever/virus Aedes sp,  
Haemagogus 
mosquitos

200,000 cases, 30,000 deaths, annually  
Africa , South America, high risk for Central and North 
America

Lymphatic filariasis/ 
Wuchereria bancrofti  

Culex, Anopheles sp, 
Aedes sp  
mosquitos    

120 million cases, 40 million serious disability   
Asia (60%), Africa (30%), also South America

Japanese encephalitis/ 
virus       

Culex mosquitos     50,000 cases, 10,000 deaths annually 
Primarily Asia

River blindness/   
Onchocera volvulus

black flies      37 million cases worldwide 
Africa, South and Central America

Leishmaniasis/  
Leishmania parasite     

sand flies   1.3 million cases annually, 20-30,000 deaths  
Asia, Africa, Middle East, South America

Crimea-Congo Haemorragic 
fever/virus  

ticks (Hylomma)   Widespread, 40% deaths 
Africa, Balkans, Middle East, Asia

Viral encephalitis  ticks      8,500 cases/year, Europe

Chagas disease/  
Tripanasome parasite  

Triatomine blood 
sucking bugs    

10 million infected 
Primarily Latin America, rapidly spreading, Widespread 
in S America, Europe, 1 in U.S.
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cases are common, and despite the availability of an effective equine vac-
cine, several hundred horse deaths occur annually with an estimated cost 
of over $1 million/year (15).  More recently, WNV has become endemic since 
2000 with 9,862 cases in 2003, and a high probability exists for the introduc-
tion and establishment of new threats such as the Zika virus.

Interviews were conducted with the following professionals representing all 
areas of expertise and experience in vector management in Florida:

 X State and National Perspective on Mosquito Control:  Joseph Con-
lon, Technical Advisor, American Mosquito Control Association, Fleming 
Island, FL.

 X Administration and Operation of a Mosquito Control District:  Doug 
Carlson, Director, Michael Hudon, research entomologist and Tim Adams, 
Ground ULV and GIS Coordinator, Indian River Mosquito Control District, 
Vero Beach, FL.

 X State Research, Extension, Education and Statewide Coordination of 
Mosquito Control Districts:  Dr. Roxanne Connelly, University of Florida 
IFAS, Florida Medical Entomology Laboratory, Vero Beach, FL. 

 X Federal Research in Vector Management, Spatial Deterrence, Barrier 
Sprays, Personal Protection:  Dr. Daniel Klein, USDA/ARS Mosquito and 
Fly Research Unit, University of Florida, Gainesville, FL.

 X Federal/State Research, Global Vector Management Liaison with 
Deployed War-Fighter Protection Program, Department of Defense: 
Dr. Graham White, University of Florida, UF/IFAS, USDA/ARS, Center for 
Medical and Veterinary Entomology, Armed Forces Pest Management 
Board, Gainesville, FL.

 X State Research and Extension in Vector Management, Medical and 
Structural Pest Management:  Dr. Philip Koehler, University of Florida 
IFAS, Department of Entomology and Nematology, Gainesville, FL. 

 X State Research, Toxicology and Design: Dr. Jeffrey Bloomquist, Depart-
ment of Entomology and Nematology, Emerging Pathogens Institute, 
Gainesville, FL.

 X Military Medical Entomology, Vector Management, Protective Cloth-
ing:  CDR Jeff Stancil, U.S. Navy, Navy Entomology Center of Excellence, 
Jacksonville FL. 

 X Veterinary Entomology, Vector Management, Nuisance Flies and 
Ticks:  Dr. Philip Kaufman, Department of Entomology and Nematology, 
University of Florida, Gainesville FL.

We asked participants to outline their assessment of the strengths and 
weaknesses of vector management programs in Florida, to discuss the role 
that pyrethroid insecticides play in managing disease spread and what the 
impacts would be if pyrethroid uses for mosquito control were reduced or 
eliminated. 
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1.6 Approaches to good vector management

The underlying premise for vector management in Florida and throughout 
the U.S. is to achieve long range, intelligent and environmentally sound 
control of vectors; thereby reducing disease transmission through the 
management and manipulation of vector populations by using all available 
tools and approaches (13). While integrated pest management (IPM) for 
managing crop pests frequently involves combining economic and environ-
mental considerations in deploying management tactics, disease reduction 
is a public health concern upon which no economic value can be placed, 
and the primary goal is to reduce vector populations when necessary to 
reduce the potential for disease transmission while protecting environmen-
tal resources.

A typical mosquito control program first determines the species and 
abundance of mosquitoes through larval surveys, adult trapping and 
landing rates (13). To assess risk levels for disease epidemics, public agency 
resources and university research facilities are then used for surveillance to 
determine whether mosquitoes are carrying specific viruses, and sentinel 
programs are employed to determine whether viruses have been transmit-
ted to susceptible test animals in areas of concern (13). At this time, if need-
ed, the most effective and appropriate control approaches are employed in 
a coordinated program to reduce mosquito populations.

Source reduction by manipulating aquatic larval habitats is typically a 
first consideration in all coordinated programs. In coastal salt marshes, 
impoundments to flood areas to prevent egg laying on moist soil have 
been successful and have allowed people to live in areas where mosquito 
presence and disease threats previously prevented development. However, 
environmental concerns now limit expansion of these practices, and source 
reduction is limited to managing existing impoundments. When managing 
vector species that are adapted to live in close proximity to humans (e.g. 
Aedes sp.), sanitation to remove container breeding sites is also an effective 
approach to source reduction. 

When vector numbers exceed acceptable levels or when risk indicators 
point to a threat of disease transmission, mosquito control to reduce pop-
ulations is the only management option, and insecticidal controls are the 
only alternative. This is achieved by using larvicides to control developmen-
tal stages in aquatic habitats where possible and by using low volume in-
secticides (adulticides) applied by ground or air to target adult mosquitoes 
across large areas in carefully monitored programs. Small-area, targeted 
barrier sprays or spot sprays are also used when large area programs are not 
feasible or for specific vectors such as Aedes which live in close association 
with human habitation.

Concerns over potential environmental and human impacts of insecticides 
used for adult mosquito control require active ingredients to be of low tox-
icity to people and applied carefully at extremely low volumes in compar-
ison those used in crop applications. As a consequence, economic returns 
to registrants for vector control programs are very low compared to agricul-
tural use, and very few effective active ingredients are registerd and made 
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available. With the exception of the organophosphates naled and mala-
thion, which are restricted to certain applications, the pyrethroids are the 
only registered active ingredient available to maintain public health. Since 
new chemistries for vector control are likely to be developed only through 
agricultural channels, it is unlikely that new alternatives will be available in 
the short-term and maintaining pyrethroid registrations for managing mos-
quito vectors and protecting public health is of critical importance. New 
technologies using genetic manipulation of mosquito populations hold 
promise in the long-term, but for the foreseeable future, it is unlikely that 
they will have wide-scale applicability or public acceptance. 

Public education is an important component of vector management and 
can be particularly important in potential epidemic situations by alerting 
homeowners to risk levels and identifying potential breeding sites that can 
be removed effectively. Education is also essential to teach the public to 
protect themselves from bites by staying indoors, insect-proofing homes, 
wearing protective clothing and using repellents.

The pyrethroid permethrin has low toxicity and is most effective and widely 
used to treat clothing where it serves as both an effective adulticide and 
a powerful repellent. Retaining permethrin for this use pattern is of criti-
cal importance for military use and protecting deployed troops. It is also 
important for protecting humans who enjoy outdoor recreation or visit 
state and national parks where adult control is not permitted, and mosquito 
populations are abundant. 

Additionally, in northern states where tick-transmitted diseases are increas-
ing, permethrin is the most effective tick repellent and plays an important 
role in managing disease incidence.

1.6.1 Mosquito control from a national perspective

 Joseph Conlon, American Mosquito Control Association (AMCA)

It is difficult to assess the resources that are devoted to vector control nation-
ally as these activities may be conducted by different entities. These include 
organized mosquito control (or abatement) districts with mosquito control as 
their sole mandate, local municipalities that may occasionally control mos-
quitoes as a small part of their overall responsibilities, and pest management 
professionals (PMPs) who are increasingly offering barrier mosquito control 
as one of the services they offer to clients. After a 2015 AMCA survey, how-
ever, Joe Conlon estimated that there were 734 organized mosquito control 
districts in the U.S. and over 1,000 smaller entities that may control mosqui-
toes occasionally. PMPs are more widely offering mosquito control services in 
response to public concerns over Zika and other highly publicized threats and 
have the capabilities and staff to positively impact mosquito management 
nationally. 

The organized mosquito control districts conduct excellent programs, 
which are successful, but resources are not distributed evenly across the 
U.S. States such as Florida with 50 organized districts are well covered, while 
others may lack coverage to deal with a more widespread disease footprint. 
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Pyrethroids  applied in large 
area spray programs are the key 
insecticides used to control adult 
mosquitoes that transmit diseases. 
Larval mosquito control in aquatic 
habitats using alternate chemistries 
should also be used to augment 
adult control.

This is of concern since vector-borne diseases have the potential to be more 
widely distributed across the U.S. as a result of international travel and cli-
mate change — which may increase certain mosquitoes’ range as climates 
become more moderate. Distribution of mosquito control resources is a 
concern even in well covered states like Florida, and Joe Conlon points out 
that there are discrepancies: 

“In Miami-Dade County, a classic port of entry, they have a budget of around 
$1.5 million, while in nearby Lee County where the threat is lower, they have a 
budget of $24 million with 15 aircraft.” 

Joe Conlon and the AMCA are extremely concerned with the lack of alter-
native active ingredients available for mosquito control and work closely 
with the IR-4 program (the Inter-Regional Research Project Number 4, also 
referred to as the Minor Crop Pest Management Program) to monitor new 
alternatives and protect existing active ingredients. In a statement from 
IR-4, Karl Malamud-Roam indicated:

“The increasingly stringent regulatory requirements, business considerations 
associated the small market size, the high cost of innovation and increasing 
rates of pesticide resistance are interacting to put uses for some products and 
product classes at risk. Especially, while a good number of products are avail-
able for area-wide treatment of adult mosquitoes, all of these products are 
reliant on two chemical classes, which both face substantial challenges in the 
near future (17)."

The alternatives available for wide-area adult control are the organophos-
phates malathion and naled, the pyrethroids deltamethrin, D-phenothrin, 
etofenprox, permethrin, and prallethrin and pyrethrins. Resmethrin, a previ-
ously widely used pyrethroid, was canceled in 2015. The lack of alternatives 
beyond two chemical classes results in an increased risk of resistance to the 
pyrethroids, which is already widely reported. Joe Conlon pointed out that 
the recent cancellation of resmethrin, which was the most effective material 
in Mississippi, is forcing the increased use of permethrin for aerial applica-
tion, even though there is already resistance to this active ingredient. As Joe 
points out:

”There is a lot of trepidation across the country on our tools being regulated out 
of existence.”

With the risk of Zika establishment, the Centers for Disease Control and 
Prevention (CDC) is working with IR-4 to identify effective alternative active 
ingredients for indoor residual sprays and outdoor residual barrier sprays 
that will be needed to manage the Aedes vectors. Bifenthrin, alpha-cyper-
methrin and gamma or lambda-cyhalothrin are the active ingredients most 
likely to be used by the urban pest management industry either alone or 
in combination with other materials for residential mosquito control. These 
products will be used by PMPs for residential mosquito control.

There are a wide variety of general purpose larvicides available for orga-
nized mosquito control programs in aquatic habitats and in some residen-
tial  situations. However, the difficulty in getting to and treating sufficient 

Mangroves mosquito breeding site 
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aquatic larval habitats effectively combined with the more expensive cost 
of materials limits the area-wide use of larvicides. The large-scale control of 
adults using primarily permethrin remains the predominant approach.

When asked to indicate which areas of the country were at greatest risk for 
mosquito-borne diseases, Joe Conlon indicated the following: 

“For West Nile, the threat is everywhere. Birds are the natural virus cycle and 
there are lots of vector species of Culex, Aedes. So it’s worst where the bird 
migration occurs — Texas, Louisiana and Florida in the south, llinois, South and 
North Dakota and Montana in the North, and California in the West. For EEE, it’s 
primarily in the East — Florida, Georgia, Massachusetts and New Jersey and for 
SLE, its Arkansas, Louisiana, Texas and Mississippi.” 

For Incoming threats like Zika and DF, Joe lists: 

“Florida, Texas and Louisiana with ports of entry in Miami, New Orleans Hous-
ton are high risk.”

Then for tick-borne diseases:

“It’s the northern tier states from the Atlantic to Minnesota with bacterial Lyme 
disease and rickettsial anaplasmosis, both transmitted by the black legged 
(deer) tick, increasing in incidence, then further south its rickettsial ehrlichiosis 
and the lone star tick in Oklahoma and Arkansas and Rocky Mountain spotted 
fever and the dog and Rocky Mountain ticks in Oklahoma, Arkansas and Ten-
nessee, which are also increasing in incidence and range.” 

It is clear that the risks are widespread and increasing with serious threats 
from the Atlantic to the Pacific coasts and new problems from the south on 
the horizon. As Joe Conlon and the AMCA strongly indicate: 

“We need an integrated program using a balanced approach that allows us to 
protect the environment while we are preserving public health. We need all the 
tools in the toolbox or resistance will increase, and we won’t be able to manage it.”

1.6.2 Implementation of vector management locally — the Indian River 
mosquito control district

Doug Carlson, Director and staff

The engines of mosquito control in Florida are the mosquito control dis-
tricts (MCDs). We talked with Doug Carlson, director of the Indian River 
Mosquito Control District (IRMCD) located on the Indian River lagoon (or 
estuary) in Vero Beach. The IRMCD was the first district formed in1925 to 
manage the huge populations of saltmarsh mosquitoes that made human 
habitation and development in the area impossible. Salt marsh mosquitoes 
are considered a public health nuisance but do not transmit disease.

Saltmarsh mosquitoes thrive in the intermittently flooded salt marshes 
where they lay eggs on moist soil. The first approach of the IRMCD was 
source reduction where impoundments were created in the 1950s and 60s Salt marsh mosquito breeding site 
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by constructing dikes to keep standing water on the marshes during mos-
quito egg laying. In the spring and summer months, water is pumped from 
the lagoon to flood the surface of the impounded marsh, and because the 
saltmarsh mosquitoes will not lay their eggs on standing water, flooding the 
marsh eliminates areas where eggs can be laid and effectively eliminates 
larval development. This program greatly reduces the need for larviciding 
on the marshes and results in lower adult flushes that are easier to control 
in area-wide adulticiding programs.

In combination with source reduction, the IRMCD conducts a sophisticat-
ed management program for adult saltmarsh 'nuisance' mosquitoes and 
freshwater disease vectors throughout the county. To determine the risk of 
virus outbreaks transmitted by fresh water vectors, the district participates 
in the state sponsored network for surveillance and detection of mosqui-
to-transmitted viruses (WNV, EEE, SLE) by maintaining six flocks of sentinel 
chickens from which blood samples are drawn weekly and tested for virus 
antibodies. In concert with risk determination for the viruses, the IRMCD 
uses an extensive system of traps and on-site landing rate assessments 
for the major vectors and nuisance species to determine when area wide 
sprays are necessary.

Larviciding using ground or aerial applications is effective when used 
together with source reduction to limit adult emergence. Larval popu-
lations are monitored, and when results are above threshold, treatment 
occurs with a range of active ingredients which include, Bacillus thuringensis 
israelensis, spinosad or the insect growth regulator methoprene. Normally 
treatments use targeted ground applications but when risk levels are high, 
aerial applications may be used. 

Wide-area adult control programs, which are implemented when populations 
are above threshold or when virus risk is high, constitute the predominant 
approach to reduce populations and prevent disease transmission. Ground 
adulticiding using ultra-low volume insecticides dispersed from truck-mount-
ed equipment is the primary approach of the IRMCD and most other Florida 
MCDs. Global positioning systems (GPS) technology is commonly used to 
direct applications. IRMCD uses a GPS system that tells the driver where to go 
to achieve the most effective coverage of an area, automatically dispenses 
insecticide when needed and shuts off when passing areas designated as 
no-spray. To cover the county, the district has 67 routes each averaging 25 
miles, and with an estimated 300 foot coverage from the applicator, each mile 
equates to 36 acres, and a full route covers 900 acres. The efficiency and preci-
sion of this system is evident in the low number of public complaints relative 
to pesticide drift or lack of mosquito control, which average less than 15 from 
the population of 138,000 served in the district.

The IRMCD relies primarily on Permanone® (permethrin formulated by Bayer 
with the synergist, piperonyl butoxide) for its ground spray operations on 
the basis of its efficacy, low cost and safety. Applications are dependent on 
mosquito populations with most activity from June to September. An aver-
age of 9,677 miles (348,000 acres) has been treated annually since 1980 with 
a range between 86,000 and 748,000 acres. The precision of the GPS and Un-
manned Land Vehicle (ULV) applications results in relatively small amounts 

Doug Carlson, Director,  Indian River Mosquito 
Control District
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of permethrin usage for the IRMCD. A rate of 0.29 oz/acre of Permanone is 
used, with an average of 275 gallons per year at an estimated material cost 
of only $15,400/year. The district monitors resistance throughout the county 
and has encountered no pyrethroid resistance in the 50+ mosquito species. 
This results from both the precision of the ground programs that are achiev-
ing acceptable levels of control while treating only a small proportion of the 
county land area, leaving extensive refuge areas of susceptible mosquitoes 
and the need to treat each zone only 3-4 times per year.

When asked what the impacts would be if pyrethroids were to lose certain 
use patterns or active ingredients, the outlook was gloomy, and Doug pre-
dicts that the future would be uncertain: 

“If they take pyrethroids, we have nothing. We can't use Dibrom (naled) by 
ground, it's corrosive and eats up the trucks. We would have to switch to mala-
thion by ground, and we would rely more heavily on aerial adulticiding.” 

The only alternatives in the absence of pyrethroids are the organophos-
phates (malathion by ground and naled by air), which would be more 
expensive, potentially less effective, likely less acceptable to the public and 
prone to resistance. During widespread mosquito outbreaks or when there 
is a medical emergency, such as a confirmed outbreak of a mosquito-trans-
mitted virus, the IRMCD contracts with a private applicators to conduct 
aerial spraying of naled in addition to ground sprays.

The IRMCD is just one of 50 MCDs in Florida, which together constitute an 
effective network to monitor disease threats and control vector mosquitoes 
when needed to avert public health threats. The system is the frontline 
defense against existing endemic diseases and will be called upon to avert 
threats from new diseases such as Zika that are likely to occur first in south-
ern states. The MCDs are already limited to only two insecticidal classes 
to conduct this mission, and the potential impacts of regulation of either 
pyrethroids or organophosphates on public health should be a high priority 
nationally.

1.6.3 Coordinating and delivering the message — the role of the University of 
Florida Extension

Dr. Roxanne Connelly, University of Florida, IFAS, Florida Medical Entomology Laboratory, 
Vero Beach, FL, former president, AMCA, Coordinator of Florida Mosquito Control Districts; 

Dr. Philip Koehler, State Research and Extension in vector management, medical and struc-
tural pest management, University of Florida, IFAS, Gainesville FL, former president, AMCA

Public education is a vital component of vector management that can be 
particularly important in potential epidemic situations by alerting home-
owners to risk levels, monitoring and characterizing vector populations, 
identifying potential breeding sites, and coordinating vector control op-
erations to respond with integrated management programs. There are 50 
MCDs in Florida with budgets ranging from several hundred thousand up 
to over $20 million. IFAS is tasked with providing the research and educa-
tional needs of these districts by conducting targeted applied research and 
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coordinated training sessions for MCD staff and County Extension offices 
using the Florida Mosquito Control whitepaper (13), which comprehensive-
ly outlines all subjects needed to conduct effective integrated mosquito 
management programs. 

Dr. Connelly coordinates these programs from the Florida Medical Entomol-
ogy Laboratory in Vero Beach and indicated that MCDs apply both larvi-
cides and adulticides across large areas as needed to ensure public health 
(see sections above on vector management and operation of the IRMCD). 
In 2004-2005, larvicides were applied to over 385,000 acres (173,000 by 
ground and 213,000 by air) using primarily microbial, biological and insect 
growth regulator active ingredients. In contrast, a much larger area was 
treated for adult control. As an example, in 2004-2005 over 30 million acres 
were treated with insecticides targeting adult mosquitoes with 75% (23.1 
million acres) applied by ground using primarily permethrin and 25% (7.8 
million acres) applied by air using primarily the organophosphate naled 
(97%) Athough these usage figures are updated annually and are available 
since 1987, they tend not to vary dramatically (18). 

The usage figures reported reflect those areas treated by MCDs to manage 
vectors of endemic diseases in Florida (WNV, SLE, EEE), nuisance mosqui-
toes that render many coastal and marshy areas unlivable if uncontrolled 
and occasional minor outbreaks of introduced viruses (CV in 2009-2010, 
DF in 2014). With endemic viruses, extensive vector trapping to assess 
populations combined with virus incidence in sentinel chickens provide 
a measure of risk assessment that can dictate the intensity of response by 
MCDs and avoid major outbreaks. In the case of potentially new introduc-
tions (e.g. DF, CV, Zika), there are no sentinel animals other than humans 
and by the time that a human infection is diagnosed and confirmed (partic-
ularly with mild symptoms such as Zika), further transmissions are possible 
and an epidemic could already be in progress. This lack of an early warning 
system combined with Aedes vectors with different behaviors will require 
new resources and approaches to be added to proven mosquito control 
programs in the MCDs. In anticipation of this scenario, Dr. Connelly is al-
ready widening the extension and training to include the PMP industry that 
has the staff and capacity to respond but in some cases, lacks the specific 
training needed.

Dr. Phil Koehler (IFAS, Gainesville) works extensively with the PMP industry 
and indicates that the urban pest control industry in Florida is huge and has 
the resources that would be needed to augment the MCDs in the event of a 
Zika outbreak. Dr. Koehler points out:

”The biggest MCD has around 65 staff, and we have one company that has 
1,800 technicians out in the field with half a million customers with the right to 
go onto their property.” 

Dr. Koehler was preparing for a Zika conference designed to develop 
training materials to fully utilize the urban pest control industry to help the 
MCDs deal with this vector that is very different from the vectors normally 
managed to contain endemic diseases. 

Dr. Roxanne Connelly, University of Florida, IFAS

Dr. Plilip Koehler, State Research and Extension, 
University of Florida, IFAS
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“If we do get affected, and Zika is starting to be transmitted in Florida, it will 
require treatments of backyards, and MCDs don’t necessarily have access to 
those yards.” 

Residual surface sprays of pyrethroids in and around buildings and barrier 
sprays on vegetation will be required to manage the diurnal Aedes vectors 
and are the most effective approaches. The urban pest control industry 
that could deliver these targeted sprays is in place; the products that can 
be used are primarily pyrethroids with bifenthrin, lambda-cyhalothrin, 
gamma-cyhalothrin, deltamethrin and cyfluthrin as the registered active 
ingredients (16,18). The lack of pyrethroid alternatives for both the MCDs to 
control mosquito vectors with area wide sprays and the urban pest control 
industry to augment the MCDs in controlling Aedes vectors with barrier 
sprays in residences would be a major public health concern in the event 
that pyrethroid use patterns were curtailed. 

1.6.4 Pyrethroids and the U.S. military

CDR Jeff Stancil, United States Navy, Navy Entomology Center of Excellence, Jacksonville FL., 
Military Medical Entomology, Vector Management, Protective Clothing;

Dr. Graham White, University of Florida, UF/IFAS, USDA/ARS, Center for Medical and 
Veterinary Entomology, Armed Forces Pest Management Board, Gainesville, FL., Federal/State 
Research, Global Vector Management, Liaison with Deployed War-Fighter Protection Program, 
Department of Defense;

Dr. Daniel Klein, USDA/ARS Mosquito and Fly Research Unit, University of Florida, Gaines-
ville, FL., Federal Research In Vector Management, Spatial Deterrence, Barrier Sprays, Personal 
Protection

The U.S. military must be ready at all times to be deployed at a moment’s 
notice to any country in the world as required for national security. These 
deployments are often into areas of the world where serious arthro-
pod-borne diseases are prevalent and to protect troops, effective, pre-
ventative measures must be in place prior to deployment. To ensure that 
protection is in place and incorporates state of the art technology, the 
inter-agency Deployed War-Fighter Protection Program (DWFPP) was estab-
lished to combat disease carrying insects. Dr. Graham White is the liaison 
between the Department of Defense and federally-funded research at the 
University of Florida to support the DWFPP.

Dr. White pointed out that pre-treated clothing using a low toxicity and 
long lasting insecticide that repels and kills mosquitoes (also ticks and sand 
fleas) is beyond question the most important approach for the military 
where soldiers in the field are rarely able to carry equipment or supplies 
that can be actively employed and must rely on the passive control pro-
vided by treated clothing. The pyrethroid permethrin is the only approved 
active ingredient for this use pattern. Dr. White stresses that this is an im-
portant use for the military and maintaining permethrin for clothing treat-
ments has the highest military priority for protecting deployed personnel. 
He adds that the civilian market for permethrin to treat clothing to protect 
people enjoying outdoor activities from both mosquito and tick-borne 
diseases is even bigger. The continued exposure of a single active ingredi-
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ent does raise anxiety levels over resistance and the potential for a decline 
in activity, but this has not yet reached critical levels and deployments 
usually put soldiers into areas where local populations are unlikely to have 
been exposed to pyrethroids. Nevertheless, the military continues to invest 
strongly in research to explore permethrin alternatives, although this search 
has been unsuccessful thus far. 

To develop alternatives to permethrin treated clothing and to investigate 
other approaches to protecting deployed troops, the DWFPP is funding sev-
eral research programs at the University of Florida. In the USDA/ARS, Center 
for Medical and Veterinary Entomology, Mosquito and Fly Research Unit, Dr. 
Ken Linthicomb and Dr. Dan Klein are actively investigating spatial repel-
lency and barrier sprays in all parts of the world that could create mosquito 
free areas that could protect troops. Spatial repellency involves thermal 
or fan dispersal of strong repellents, such as the pyrethroid transfluthrin 
as aerosols, to create temporary zones around small areas (tents, camps, 
etc.) where mosquitoes can be excluded temporarily. Barrier sprays involve 
deploying long residual, fast knock-down contact insecticides on natural 
or artificial surfaces that surround critical areas and exclude mosquitoes for 
relatively short time periods. The only effective active ingredients for these 
approaches are the pyrethroids, with bifenthrin, cypermethrin, deltame-
thrin and lambda-cyhalothrin being particularly effective. 

In the active military, roles and responsibilities are evolving with ever 
increasing use of contracted civilian labor to perform routine maintenance 
and supply duties. In the area of vector control, where technical expertise is 
still important to be successful, the military continues to maintain a strong 
tradition of training to produce the vector control specialists needed to 
protect troops around the world. This training role is carried out in the Navy 
Entomology Center of Excellence (NECE ) led by Commander Jeff Stancil in 
Jacksonville. The NECE is tasked with training vector specialists, anticipating 
potential threats to deployed personnel and utilizing the most effective 
tactics developed through research to manage vector related threats in 
the field. As seen with mosquito control throughout the civilian world, CDR 
Stancil states: 

“The heart of disease prevention in the military is repellent treated (permethrin) 
uniforms, if we lose effectiveness or labels for treatment, we don’t have any-
thing else."

1.6.5 The importance of pyrethroids in veterinary entomology

Dr. Phil Kaufman, Department of Entomology and Nematology, University of Florida, 
Gainesville

The critical impact of vector-borne diseases on public health and the public 
concern generated by disease threats such as WNV and Zika, frequently 
overshadow the equally devastating impacts that vector-borne diseases 
can have on livestock and pets in the U.S. Many of the approaches to man-
age threats to public health are similar to those used in animals, and as Dr. 
Phil Kaufman pointed out at the outset of our interview: Dr. Phil Kaufman, Department of Entomology 

and Nematology, University of Florida

Permethrin is used for military 
personnel as mosquito control 
and repellents by applying the 
compounds to clothing.  The CDC 
is promoting permethrin applied to 
or in clothing as control options for 
consumers as well.  

http://www.cdc.gov/zika/pdfs/control_
mosquitoes_chikv_denv_zika.pdf
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“Permethrin and the pyrethroids are really the basis of a lot of the veterinary 
solutions to vector-borne diseases, largely because of the high animal safety 
level required.” 

In horses, the mosquito-borne encephalitis viruses (WNV, SLE, EEE) that are 
widespread throughout the U.S. and present a major public health threat, 
result in thousands of equine deaths annually and serious economic losses 
even with available equine vaccines (13). In MCDs, pyrethroids are the foun-
dation of these programs. Pyrethroid-based products are also widely used 
by horse owners for controlling and repelling mosquitoes on horses and in 
stables where safety is of paramount importance. 

Pyrethroids are also key components in the management of arthro-
pod-borne diseases in pets throughout the U.S. with mosquito-borne 
heartworm in dogs and tick-borne bacteria and rickettsial diseases in dogs 
relying heavily on pyrethroids as repellents and control agents.

When asked to assess the potential impact of losing pyrethroid use patterns 
in veterinary entomology, Dr. Kaufman summed up by saying: 

“I think that would be tremendously disruptive. We have great IPM [integrated 
pest management] programs with some alternatives for poultry and dairy, but 
for pastured cattle, we rely on insecticides and those are pyrethroids.” 

Pyrethroids also play a major role in all segments of the beef cattle, dairy, 
poultry and household pet industries because of their low toxicity, cost and 
ease of use, and they are used extensively to manage disease vectors such 
as flies and ectoparasitic ticks.

In cattle, three species of fly pests are prevalent throughout the U.S. and 
cause significant economic damage. Stable flies are the most serious and it is 
estimated that biting and blood loss causes annual losses of $360 million in 
dairy cattle, $358 million in cow-calf herds, $1.26 billion in pastured beef and 
$226 million in cattle on feed for a total annual loss of $2.2 billion, excluding 
additional losses in feed efficiency (20). Pyrethroids play a major role in pre-
venting these losses, with impregnated ear tags the most common approach. 
Other than treating fly breeding sites, which are often remote, with insect 
growth regulators, there are no effective alternatives to pyrethroids.

Cattle are often subject to attack by ectoparasitic ticks that cause econom-
ic loss, particularly in southern states (TX, LA, FL). The most serious threat 
is the Boophilus cattle tick, which spreads fatal cattle fever and causes 
enormous losses; in the early 1900s, an extensive eradication program was 
enacted that required frequent inspection, treatment and quarantine. The 
program was successful and is still active, but the tick and cattle fever are 
still common in Mexico and re-infestation is a constant threat that could 
result in losses of over a billion dollars annually. As Dr. Kaufman points out: 

“It is important to retain all of the veterinary tools we have to combat these 
ticks if they are introduced, and pyrethroids will play a major part.”
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In Florida, the biting midges are a serious threat to animal health and 
human habitation in coastal areas where overwhelming populations can 
develop. Cattle, sheep and deer in Florida and throughout the world are 
subject to the serious virus disease bluetongue that is transmitted by biting 
midges and  is rarely fatal but causes significant economic losses result-
ing from failing health and loss of markets due to regulatory restrictions 
on movement of animals and animal products, such as semen (21). Larval 
habitats are difficult to manage, and the primary control approaches rely on 
wide area application of pyrethroids to control adults.  

1.7 Main insights for endemic mosquito management in the continental U.S.

 X Pyrethroids applied in area-wide spray programs to control adult mos-
quito vectors are the predominant and most effective approach em-
ployed by over 700 organized mosquito control districts across the U.S. 
These programs manage serious and already established public health 
threats from endemic diseases, such as West Nile Virus, St. Louis enceph-
alitis, La Crosse Encephalitis and Eastern Equine Encephalitis. The only 
spray alternatives to pyrethroids are the organophosphates naled and 
malathion.

 X Adult mosquito control programs are augmented by larval control in 
aquatic habitats using alternative active ingredients, but the difficulty in 
accessing larval habitats effectively and the expense of materials limits 
the use of this approach; adulticides using pyrethroids are the predomi-
nant control tactic.

 X There is a high probability that new mosquito-borne viral threats — Zika, 
Dengue Fever and Chikungunya virus — pose potentially greater public 
health risks and will become endemic the continental U.S. When this oc-
curs, the integrated vector management programs of the mosquito control 
districts (which rely heavily on pyrethroids) will be the front line of defense.

 X The mosquito vectors (Aedes sp.) of Zika, Dengue Fever and Chikun-
gunya are closely associated with human habitation and have markedly 
different behaviors to vectors of other endemic viruses This will require 
new approaches to control (in addition to the traditional mosquito con-
trol districts approaches) that target the Aedes vectors in residences and 
yards using residual barrier and surface treatments. Immediate response 
will be required to stem potential epidemics, and pyrethroids are the pri-
mary active ingredients registered for these uses. The urban pest control 
industry has the additional resources and access to residences that will 
be needed to deliver these services and joint training is already under-
way with the mosquito control districts and Extension specialists.

 X In addition to the immediate threats from endemic and nearby diseases, 
several additional and potentially devastating mosquito-borne diseases, 
such as malaria and yellow fever, could quickly be introduced into the 
continental U.S. as international movement of people and goods increase. 
Pyrethroids  are the front line defense against such new importations.
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1.8 Main insights for endemic diseases transmitted by other arthropods in the 
continental U.S.

 X Permethrin is the only insecticidal active ingredient with sufficient repel-
lency, persistence and safety to treat military clothing. Deployments may 
occur quickly and can be to areas where different vectors and diseases 
are prevalent. Permethrin treated clothing is essential in providing imme-
diate and effective pest control, and there are no alternatives. The civilian 
use of permethrin-treated clothing is also an essential component for 
personal protection against mosquito and tick vectors for people work-
ing in or enjoying the outdoors.

 X Tick-borne diseases, including bacteria (Lyme disease) and rickettsial 
(anaplasmosis, erlichiosis, Rocky Mountain spotted fever), have increased 
rapidly in eastern and central states in the last decade. Pyrethroids are a 
key component for tick repellency and control, and no effective alterna-
tives are available.

 X Arthropod-borne diseases and ectoparasitic feeding on animals cause 
serious economic losses annually in the U.S. on cattle, dairy, sheep, poul-
try, deer and other livestock. Pyrethroids, with low mammalian toxicity, 
good residual control and broad efficacy against vectors are an essential 
component of veterinary solutions, and few alternatives are registered.  
Protection of pets against mosquito and ticks that may transmit diseases 
is a high priority in the U.S., and pyrethroids are essential as repellents 
and control agents. 

 X Other arthropod interactions with humans, animals and pets cause sig-
nificant public health concerns that require low mammalian toxicity for 
effective management. These situations rely extensively on pyrethroids .
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