
 
 
 
 
 
 
 
 
 
 

Michigan Mosquito Manual 
 
 
 

 

 
 
MMCA Edition 
June 2002 
 
 
Published in cooperation with the 
Michigan Department of Agriculture 



Contributors 
 

Steve Crisp, Saginaw County Mosquito Abatement Commission 
Nicole Crisp, University of Michigan 
Dr. Steve Halstead, Michigan Department of Agriculture 
Dr. Brian Hughes, Michigan Department of Agriculture 
Randy Knepper, Saginaw County Mosquito Abatement Commission 
Mike Kight, Lenawee County Community Health Department 
William Lechel, II, Saginaw County Mosquito Abatement Commission 
Mary McCarry, Bay County Mosquito Control 
Ben McGeachy, Department of Environmental Quality 
Dr. Zohair Mohsen, Insectech 
Dr. Duane Newton, Michigan Department of Community Health 
Dr. Jon Patterson, Animal Health Diagnostic Laboratory 
Mel Poplar, Michigan Department of Agriculture  
Tom Putt, Bay County Mosquito Control 
Mike Pylar, Oakland County Health Division 
Mark Stenske, Michigan Department of Agriculture 
Greg Seago, Advanced Pest Management 
Dr. Edward Walker, Michigan State University 
Dr. Tom Wilmot, Midland County Mosquito Control 
Margaret Breasbois, Saginaw County Mosquito Abatement Commission 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Michigan Mosquito Manual 
 

Table of Contents 
 

 
Contributors   1  
Index    2  
    
Mosquito Borne Diseases 
Introduction   6 
California Encephalitis   6 
Eastern Equine Encephalitis   8 
St. Louis Encephalitis   11 
West Nile Virus   14 
LaCrosse Encephalitis   16 
Jamestown Canyon Virus    18 
Dog Heartworm   19 
    
Mosquito Characteristics and Life Cycle 
General   21 

 21 
 21 
 23 
 25 

Life History 
♦ Eggs    
♦ Larvae  
♦ Pupae  
♦ Adults  

  

 25 
Adult Mosquito Characteristics   27 
Identification   31 
    
Mosquito Surveys 
Introduction   35 
Mosquito Control Maps   35  
Adult Mosquito Surveillance   
♦ Landing Collections  
♦ Daytime Resting Collection  
♦ Adult Trap Collections  

  36 
37 
38 
39 

Larval Mosquito Surveillance   41 

 2 



Mosquito Egg Surveillance   42 
Utilization of Surveillance Data   43 
List of Trap Supply Vendors   44 
    
Mosquito Management and Methods of Control 
General   45 
Organization for Effective Control   45 
 Why Organize for Mosquito Control  45 
 How to Organize a Community Program 45 
 What Proceeds a Successful Community Program 46 
               
Mosquito Management by Individuals   47 
 General   47 
 Personal Protection   47 
 Larval Mosquito Control   50 
 Adult Mosquito Control   51 
Integrated Mosquito Management by Organized Districts 52 
           General   52 
 Physical Management for Mosquito Control 52 
           Biological Management for Mosquito Control 54 
 Chemicals for Mosquito Control   56 
 Companies Offering Mosquito Control Products/Commercial 

Services 
61 

 
Mosquito Borne Encephalitis Monitoring Program  
Overview   64 
Background   64 
Togaviridae   65 
 Eastern Equine Encephalomyelitis   65 
 Western Equine Encephalomyelitis   66  
 Venezuelan Equine Encephalomyellitis   67 
Flaviviridae   67 
 Yellow Fever   67 
 Dengue Virus   68 
 Japanese Encephalitis Virus   68 
 West Nile Virus   69 
 St. Louis Encephalitis Virus   69 
Bunyaviridae   70 
 La Crosse Encephalitis Virus   71 
 Jamestown Canyon Virus   72 

 3 



    
Methodology of Surveillance   72 
Laboratory Activities   73 
 Mosquito Samples   73 
 Serum and Blood Samples   75 
    
Methodology of Surveillance:  Customized   77 
 LaCrosse Encephalitis   77 
 Eastern Equine encephalomyelitis   78 
 West Nile & St. Louis Encephalitis   79 
  
Arbovirus Surveillance 80 
Michigan Department of Community Health (Human, Bird, Mosquito testing) 80 
Michigan Department of Agriculture (Surveillance, EEE and SLE testing) 81 
Michigan State University, Animal Health Diagnostic Laboratory 82 
  
Campgrounds and Public Access Sites, Mosquito Control Issues 83 
  
Local Community Outreach Efforts and Decision Making Coordination 
Related to Mosquito Borne Virus Concerns 

85 

    
Private Applicators Perspective   87 
    
Pesticide Use – Risk and Safety    
Pesticide Use   88 
Pesticide Risk   88 
Pesticide Safety   89 
    
Public Information Kit    
Introduction   93 
Known Diseases Transmitted by 
Mosquitoes in Michigan 

  93 

Eastern Equine Encephalitis   93 
Disease Carriers (vectors)   94 
Human Cases of EEE   94 
A Mystery   94 

 4 



The “Newest” of the Mosquito Borne 
Diseases 
♦ West Nile Virus 

  95 

Prevention of Mosquito Borne Disease   95 
Sample News Releases   96 
    
Glossary of Terms   99 
Fact Sheets 

♦ Characteristics of common 
           Michigan Mosquitoes 
 
 

     105 

 

 5 



Mosquito Borne Disease 
 
INTRODUCTION 
 
Mosquito-borne diseases probably have been present in Michigan since before the 
arrival of European settlers, and in the early years they created many more serious 
interruptions to daily activities than they do now. The extent of these problems was 
underlined in 1898 by one of the speakers at the 50th anniversary celebration of 
Michigan Agricultural School, now Michigan State University. "In 1858, the most notable 
and impressive event of the season was the fever and ague (malaria). The plowing and 
stirring of a hundred acres or more of new land with all its decaying vegetation turned 
loose an immense amount of miasma. ---In the latter part of August and fore part of 
September, there were 70 out of 100 students unable to attend classes--, at least they 
could come only every other day, as the fever was mainly intermittent. The main 
consolation the sufferer got was the frequent assurance that it was only the ague and 
nobody ever died of it."  
 
Mosquito-borne viral equine encephalitis also is no newcomer to this state. Techniques 
needed to diagnose equine encephalitis did not become available until the 1930’s, so 
there are no reliable records to indicate the incidence of these diseases prior to that 
time. In 1947, Dr. E. C. Brown, University of Michigan, stated that, "Equine 
encephalomyelitis is an annual occurrence in Michigan." Available records of the 
Michigan State Department of Agriculture indicate that sporadic equine infections with 
these diseases are the norm, and that more extensive epizootics have occurred 
periodically. In 1942 and 1943, for example, 102 and 367 equine cases, respectively, 
were reported in Michigan by the U.S. Department of Agriculture Bureau of Animal 
Industry. Until 1980, however, no human infections of equine encephalitis were reported 
in Michigan. During an extensive epizootic in that year, a young boy in St. Joseph 
County became the first human known to have contracted Eastern Equine Encephalitis 
(EEE) in Michigan. He was hospitalized in August 1980, became comatose, and died in 
March 1982. This event effectively sensitized the public to the seriousness of the 
disease and its potential hazard to humans. Other mosquito-borne viruses including St. 
Louis Encephalitis (SLE), West Nile virus (WNV), and several California Encephalitis 
(CE) group viruses also occur in Michigan, but recognition of their presence here is 
much more recent than that of equine encephalitis.   
 
The first known human infections with SLE were reported in Michigan in 1975, part of a 
widespread epidemic that extended from the southern Mississippi Valley in the United 
States into southern Ontario. In this epidemic, 93 human cases with 3 deaths were 
reported from this state. Only sporadic human SLE infections have been reported in 
several of the years following the 1975 epidemic, but field surveillance studies of the 
enzootic cycle of this disease indicate that active virus transmission may take place 
without development of human cases.    
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West Nile virus is most commonly found in Africa, Asia and the Middle East.  It was first 
reported in the U.S. during an epidemic in and around New York City in 1999.  It has 
since spread from the New York area throughout much of the eastern half of the United 
States.  During 2001 birds showing evidence of WNV infection were discovered in ten 
Michigan counties. 
 
The first evidence of the existence of CE virus in Michigan was reported in 1963 when 
neutralizing antibodies were found in the blood of snowshoe hares collected in the 
Upper Peninsula. The first diagnosed human case in Michigan was in 1968. This was 
the first year the Michigan Department of Public Health Virus Laboratory added the test 
for antibodies to this virus in its battery of diagnostic procedures. In most years since 
then, a small number of human cases have been diagnosed by this laboratory. Unlike 
St. Louis, WNV and the equine encephalitides, however, symptoms associated with CE 
infections may be relatively mild, so it is quite probable that many of the cases go 
undiagnosed and the number of cases is probably underreported.  California group 
viruses known to occur in Michigan include California type, LaCrosse, Jamestown 
Canyon, Trivittatus, Snowshoe Hare, Highland J., and Flanders.   Snowshoe Hare virus 
is closely related to and can be considered a variety of LaCrosse virus.   Fortunately, 
not all of the California group viruses are known to produce human disease. Those that 
have been shown to produce human disease in Michigan are LaCrosse/Snowshoe Hare 
and Jamestown Canyon.   
 
Heartworm, Dirofilaria immitis, another mosquito-borne disease that appears to be a 
relative newcomer to Michigan, although it has been a major problem in the 
southeastern United States for many years. Heartworm infections until rather recently 
were not recognized in Michigan dogs; but they occurred in a relatively small number of 
animals that, almost without exception, had been in other areas of the country where 
this disease was known to be prevalent. From the mid-1960's until the end of the 1970's 
there was an explosive spread of heartworm throughout Michigan, and it is now known 
to be transmitted throughout the summer months in virtually all counties in the Lower 
Peninsula. It is present in some dogs in the Upper Peninsula as well, but the degree to 
which it may be transmitted in this part of the state presently is unknown. Although this 
is primarily a canine disease, a small number of human and feline infections have been 
reported from the United States, some of which were in Michigan.  
 
Malaria was endemic through much of the United States into the 1900’s.  Approximately 
600,000 cases occurred in 1914.  During the 1940’s a combination of improved 
economic conditions, water management, vector control and case management was 
successful in interrupting transmission throughout the U.S.   However, hundreds – 
thousands of cases of malaria continue to be reported from the U.S. annually.  The 
majority of these cases are imported from regions of the world where malaria 
transmission is known to occur but congenital infections and infections from exposure to 
blood products occur also.  With the continuous reintroduction of malaria parasites each 
year, infection of native Anopheles species mosquitoes and subsequent local 
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transmission remains a possibility.  Cases of local transmission have occurred in 
Michigan as recently as 1995.    
 
Venezuelan Equine Encephalitis (VEE) has caused extensive disease outbreaks among 
equines and humans from Mexico to South America.  It reached the U.S. border during 
a large epizootic in 1971 with more than 1500 equine cases and 84 human cases 
reported from Texas.  It has not been seen in Michigan.   
 
Dengue is a viral disease transmitted primarily by the domestic container-breeding 
mosquito Aedes aegypti.  It is sometimes reported in travelers returning from tropical 
regions but it is not endemic to Michigan. 
 
None of these mosquito-borne diseases have been as numerous in Michigan as many 
other pathogenic infections, but the emotional stress associated with their occurrence 
and the media publicity that inevitably has been associated with them, create intense 
public concern that must be dealt with by health professionals. This section of the 
manual has been prepared to provide these professionals with a ready reference on 
mosquito- borne diseases, their vectors, and the methods available for their detection 
and control. 
 
EASTERN EQUINE ENCEPHALITIS 
 
The Disease 
 
Eastern equine encephalitis (EEE) virus causes acute encephalitis in horses and man. 
The clinical disease is severe with a case fatality rate of 50 to 75 percent (90 to 95 
percent in horses). It is characterized by fever, signs of severe neurologic dysfunction, 
high cell counts in cerebrospinal fluid with early granulocytic predominance, and a high 
incidence of residual neurologic damage. Unusual features of this infection in children 
include prominent salivation, facial edema, and presence of erythrocytes in the 
cerebrospinal fluid.  The case fatality rate is especially high in children; and the majority 
of those who survive the disease are left with permanent neurologic sequelae including 
mental retardation, behavioral changes, convulsive disorders, and/or paralysis.   
 
The disease occurs in horses each summer along the Gulf and Atlantic coasts as well 
as in such states as Massachusetts, New York, New Jersey Maryland, and Michigan.  
Human cases are rare. During the five-year period 1978 to 1982, a total of 29 human 
cases were reported nationally. Twelve human cases occurred during 1983 with three 
deaths, and five cases occurred in 1984.  The first confirmed human case of EEE in 
Michigan was a 12-year-old child from St. Joseph County.  The child was hospitalized in 
August 1980 and was left with severe permanent neurological sequelae until his death 
in March 1982.  Additional human cases were reported from Michigan in 1991, 1993, 
1995, 1997 and 2001. 
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Eastern Equine Encephalitis occurs regularly in Michigan horses.  It was first 
documented in Michigan during the summer of 1942. However, there is anecdotal 
evidence that outbreaks involving up to 200 cases in horses have occurred in the 
southern portion of Michigan over the past 40 years. During the summer of 1973, 36 
cases of EEE in horses were confirmed.  A total of 260 horse cases have been reported 
from 26 Michigan counties between 1980 and 2001 (see Figure II-1).  The 
epidemiological pattern of equine disease is generally one of sporadically dispersed 
infections.  
 
Transmission Cycle 
 
EEE virus is maintained in nature through a cycle involving primarily the fresh water 
swamp mosquito Culiseta melanura and many species of birds such as the cardinal, 
blue jay, catbird, wood thrush, robin, sparrow, and others (See Figure I-1). Propagation 
of the virus produces a high viremic period in birds that lasts from three to five days. 
Mosquitoes taking blood meals during this period of high viremia may become infected. 
Once infected, mosquitoes remain infected for life. Birds, on the other hand, produce 
antibodies that eliminate the virus after a few days infection.  Some exotic bird species 
such as pheasant and emu may become ill and die from the disease. Pheasants may 
become infected by pecking and thereby ingesting materials from diseased birds.  
 
Mosquitoes that feed on both birds and mammals are responsible for transmitting the 
disease to horses and humans. Horses, and probably humans, rarely develop viremia 
high enough to infect mosquitoes. Therefore, horses and humans are considered dead 
end hosts not involved in the cycle of transmission.  Human and Equine cases usually 
appear relatively late in the season after some period of summer amplification in birds.  
The virus probably survives the winter as latent infection of birds. 
 
Mosquito Vectors 
 
Eastern equine encephalitis virus has been isolated from several species of 
mosquitoes. However, the importance of individual mosquito species in transmitting the 
virus to humans and horses is not fully understood. During studies in Michigan in 1980, 
1981, and 1982, the virus was isolated from ten different species of mosquitoes. 
However, EEE virus was isolated from only three species during all study years. These 
were the swamp-breeding Culiseta melanura, the summer flood-water breeder Aedes 
vexans, and the cattail mosquito Coquillettidia perturbans. EEE virus was isolated from 
Ochlerotatus canadensis and Culiseta minnesotae during two of the three years.  
 
Culiseta melanura is an abundant species in Michigan and is the primary enzootic 
vector. Preferred habitats for aquatic stages are heavily shaded, permanent, fresh-water 
swamps and marshes containing cool acid water. The larvae generally develop in 
darkness or conditions of low light intensity and in situations where they can have 
contact with the soil. Such habitats include holes beneath tree roots and stumps, and 
the underside of root systems in aquatic plants.  
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 Figure I -1.  Eastern Equine Encephalitis Virus Cycle in the North Central U.S. 
 
 
Eggs are laid in rafts. In the laboratory they hatch within two days at 27oC; pupation 
follows within two or three weeks; and adults emerge about three days later. In natural 
swamp habitats, larval development is very slow; eight to 15 weeks may elapse 
between oviposition and adult emergence. In nature, Cs. melanura undergoes diapause 
in the larval stage during the fall and winter months.  Larvae are present every month of 
the year, but are difficult to find during the winter. Adult emergence begins in late April 
and oviposition occurs from late May through October. There may be two or three adult 
emergence peaks.    
 
Culiseta melanura feeds primarily on passiform birds. Other birds and mammals are 
less frequent hosts. Man is rarely bitten. Reptiles may be an occasional source of blood. 
Adult females are most active during the evening twilight period, but some activity 
continues throughout the night. Very little adult activity occurs during the daylight hours.  
 
Adult Cs. melanura can be collected in light traps. Adult females are also attracted to 
bird-baited traps and can be collected from artificial "resting boxes."  
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Coquillettidia perturbans seems to be the major vector of EEE to horses and humans in 
Michigan. Cq. perturbans breeds prolifically in permanent bodies of water with emergent 
vegetation such as cattail. The eggs are laid in rafts on the water surface. The larvae, 
which are equipped with a modified air siphon tube, puncture and attach to the roots of 
cattails and other aquatic vegetation and derive oxygen from the plant. Unlike most 
mosquito larvae, this species does not have to surface to obtain oxygen and thus can 
remain among the roots underneath the water surface. This peculiar habit makes larval 
surveillance and control very difficult if not impractical.  Breeding continues throughout 
the warmer months with one or two generations per year in Michigan. The over-
wintering stage is the larvae. These mosquitoes are relatively strong flyers and may 
migrate some distance from their breeding area. They are active at night and rest during 
the day mostly on vegetation. Peak feeding occurs at dusk and dawn. Feeding may 
occur during daylight when resting females are disturbed in shaded areas.  
 
Aedes vexans is not an efficient vector of EEE but it could possibly become involved 
when populations are extremely high.  Culiseta minnesotae and Culiseta melanura may 
be locally important but are usually not found in numbers sufficient to play a significant 
role in maintaining the virus.  Other mosquito species in Michigan from which EEE virus 
has been isolated include: Ochlerotatus triseriatus, Aedes cinereus, Culex territans, 
Culex pipiens, Culex restuans, and Psorophora ciliata. 
 
ST. LOUIS ENCEPHALITIS 
 
The Disease 
 
St. Louis encephalitis (SLE) is the most important epidemic arboviral disease in the 
United States. The last epidemic in the United States was in 1975 when 1,815 cases 
and 142 deaths were reported occurring in 30 states. Michigan reported 93 cases with 
three deaths during this epidemic. SLE continues to occur each year and from 1975 
through 1984, the 3,615 cases reported nationally accounted for 72 percent of all 
reported encephalitis cases. From one to six cases of SLE have occurred annually in 
Michigan from 1975 through 1982. No cases have been reported since that time. 
 
St. Louis encephalitis virus causes acute illness in man, with a spectrum of central 
nervous system manifestations from self-limited fever with headaches to fatal 
meningoencephalitis, but is not pathogenic to horses.  The duration of fever and 
neurologic symptoms usually ranges from four days to two weeks. Treatment of patients 
is supportive only. Case fatality rates for most outbreaks of SLE have varied from 4 to 
20 percent. Neurologic sequelae have been reported in a small percentage of cases. 
The disease incidence and severity are greatest in persons over 50 years.   The 
unapparent to apparent infection rate is approximately 800:1 in children under 10 years; 
400:1 in adults; and 80:1 in persons over 50 years.   During epidemics, the disease 
strikes primarily urban and suburban areas. In some large urban outbreaks, attack rates 
have been highest in predominantly black, low socio-economic areas of the city.  
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Transmission Cycle 
 
SLE virus exists primarily as an infection of bird populations and is transmitted from bird 
to bird by several species of mosquitoes (See Figure I-2).  It may be enzootic in some 
areas, but occasionally epizootics may occur in which a large percentage of birds in the 
area become infected. Under these conditions human infection may also occur as 
sporadic cases or as epidemics. Humans become infected through the bites of 
mosquitoes that have previously fed on birds carrying the virus.   Therefore, an 
important part of surveillance and epidemiologic investigation of an outbreak of SLE in 
humans is the sampling of wild and domestic birds for evidence of viral infection. 
Attempts may be made to isolate SLE virus and/or to find SLE antibody, indicating 
previous SLE infection.   
 
Many species of birds may become infected during epizootics of SLE. House sparrows, 
pigeons, blue jays, goldfinches, cardinals, robins, common grackles, catbirds, flickers, 
mockingbirds, chickens, ducks, geese, and others have yielded SLE virus or antibodies 
to SLE virus during outbreaks. However, not all species are important in the 
transmission or amplification of SLE virus either because they do not develop 
sufficiently high viremias or because they are present in too small numbers. In most 
studies, house sparrows have appeared to play the primary role in the infection chain.  
Pigeons, blue jays, and robins may be important as well. Nestling birds of these species 
are believed to be more important than adults in the perpetuation of the virus in nature. 
Chickens (and probably other domestic fowl) are not good amplifying hosts.  Birds 
develop the levels of viremia needed to infect mosquitoes but do not suffer ill effects 
from the disease. The viremia lasts only for a short time and after that time, mosquitoes 
that feed on the birds cannot become infected. Humans and horses may acquire SLE 
infections from mosquitoes but apparently do not develop a sufficient amount of virus to 
infect mosquitoes that feed on them. The role of other vertebrates, particularly bats, 
rodents, and marsupials in the maintenance cycle of SLE virus is presently not clear. 
 
Mosquito Vectors 
 
St. Louis encephalitis in Michigan is transmitted primarily by the northern house 
mosquito Culex pipiens. This mosquito is one of the most common species in many 
urban communities and rural premises. In Michigan, there is some evidence that they 
prefer to feed on birds early in the season but may feed upon other animals, including 
humans, later in the year. This may explain why this is an important mosquito in the 
transmission of SLE from birds to humans. 
 
Culex pipiens breed prolifically in all types of artificial water containers such as cans, 
bottles, tires, tanks, gutters, birdbaths and urns.  They are most common in water with 
high organic content, especially in storm sewer catch basins, poorly drained street 
gutters, polluted ground pools, cesspools, sewage lagoons, open septic tanks, polluted 
ditches, failing septic system drain fields, and effluent drains from sewage disposal 
plants.  Females lay their eggs in clusters of 50 to 400. These clusters (egg rafts) float 
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on the surface of the water. The eggs hatch within a day or two in warm weather. From 
eight to ten days are required for completion of the larval and pupal stages. In 
somewhat cooler weather of early spring or late fall the aquatic stages may require two 
weeks or more. Breeding continues throughout the warmer months of the year. The 
adult female is the over-wintering stage. These mosquitoes usually migrate only short 
distances. Ordinarily when adults are present, larvae will be found nearby. This species 
is active only at night and may be found resting during the day in and around houses, 
chicken houses, outbuildings, and various shelters near their breeding places. They are 
poorly attracted to light traps, and numbers collected may not represent an accurate 
index of their actual abundance. Feeding is usually restricted to hours of darkness. 
Feeding may occur during daylight when resting females are disturbed. Feeding occurs 
inside or outside dwellings.  
 

 
 
 

Figure I-2.  St. Louis Encephalitis Virus Cycle 
 
Other mosquito species from which SLE virus has been isolated and which occur in 
Michigan include Culex restuans, Culex salinarius, Culex territans, Culex erraticus, 
Ochlerotatus triseriatus, and Anopheles crucians.  The importance of these species in 
the maintenance, amplification or transmission of SLE is not fully understood. Some 
studies have indicated that the nondomestic Culex salinarius and Culex restuans may 
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play an important role in enzootic transmission.  Culex restuans populations reach a 
peak during the relatively cool spring and fall months and SLE virus has been isolated 
from this species during May, suggesting that it may be important in over-wintering and 
early spring amplification. The virus possibly over-winters in hibernating adult female 
mosquitoes although this is not conclusive. 
 
WEST NILE 
 
The Disease 
 
West Nile (WN) virus was first isolated in 1937 from the peripheral blood of a woman in 
the West Nile province of Uganda in Central Africa. Since then, WN viruses have been 
reported from North Africa (Egypt, Israel), East, Central, and South Africa, Asia (India, 
Pakistan), Borneo, Europe (Cyprus, France, Romania) and, most recently, the 
northeastern USA.  West Nile infection was detected in avian hosts in Michigan during 
2001 but no human cases were seen in the state that year. 
 
Most people who are infected with West Nile virus either have no symptoms or 
experience mild illness such as a fever, headache and body aches before fully 
recovering. Some persons also develop mild rash or swollen lymph glands. In some 
individuals, particularly the elderly, West Nile virus can cause serious disease and 
death. Symptoms of encephalitis (inflammation of the brain) include the rapid onset of 
severe headache, high fever, stiff neck, confusion, loss of consciousness (coma), or 
muscle weakness.   
 
In domestic animals, clinical signs of WN infection have only been observed in horses, 
even though most horse infections are asymptomatic. However, in the WN epidemic in 
France during 1962-64, horses experienced 25% mortality. As with horses, cattle, 
sheep, and camels can also be infected with WN, but clinical symptoms and viremia 
capable of infecting arthropod vectors have not been reported from these hosts. Birds, 
however, do experience viremias capable of infecting arthropod vectors. 
 
Transmission Cycle 
 
As with SLE, West Nile virus exists primarily as an infection of bird populations is 
transmitted from bird to bird by several species of mosquitoes (See Figure I-3).  
Humans become infected through the bites of mosquitoes that have previously fed on 
birds carrying the virus.  Hooded crows and house sparrows in Egypt showed high 
antibody prevalence, and WN has been isolated from naturally infected hooded crows.  
The birds most commonly associated with WNV in New York were members of the 
Corvid family (crows and blue jays).  Other birds that have tested positive for WNV in 
the United States include rock doves, gulls, robins, mallard ducks, hawks and eagles.  
West Nile virus has been isolated from ticks and mites but the importance of non-
mosquito arthropods as potential human vectors is not known.   
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Mosquito Vectors 
 
Mosquitoes serve as primary vectors of WN virus. Culex univittatus appears to be the 
major vector in Africa. Culex pipiens is a secondary vector in South Africa and may be 
the primary vector in Israel. Members of the Culex vishnui complex are the primary 
vectors in India and Pakistan. The vector(s) most likely to transmit WNV in the United 
States are members of the genus Culex. These include Culex pipiens in the northern 
half of the country, its close relative Culex quinquefasciatus in the south, Culex tarsalis 
in the west, and Culex nigripalpus in the deep south.  Members of this genus have been 
implicated in West Nile outbreaks elsewhere in the world, and they are among the most 
common mosquitoes in NYC during the summer.  Other mosquito species which have 
been implicated as possible bridge vectors in the United States include the container 
mosquitoes Aedes albopictus, Ochlerotatus atropalpus and Ochlerotatus japonicus and 
the saltwater mosquito Ochlerotatus sollicitans.  
   
 

 
 

Figure I-3.   West Nile Encephalitis Virus Cycle. 
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LACROSSE ENCEPHALITIS 
 
The Disease 
 
During the past several years there has been increasing recognition that LaCrosse 
represents a serious and growing infectious disease problem in the United States.  In 
many years LaCrosse accounts for more human disease than SLE, WEE, and EEE 
combined. The disease is most prevalent in the Midwest and Mid-Atlantic States.   The 
first reported human case in Michigan was a four-month-old boy in St. Johns, Clinton 
County, who became ill during the summer of 1968. From that time through the summer 
of 1973, nine additional Michigan patients were found whose clinical illnesses were 
confirmed CE infections.   
 
LaCrosse activity is seasonal beginning in late May and extending into October, a 
period that coincides with peak mosquito populations.  Disease onset in a majority of 
cases occurs during August.   The clinical syndrome ranges from a mild and transient 
aseptic meningitis to severe encephalitis and death.  LaCrosse encephalitis is primarily 
a disease of children under the age of 15, most adult infections are thought to be sub 
clinical. Clinical infections are more frequent in males, and most reported cases have 
been associated with a rustic or rural environment. Complete recovery is usual but 
some post-encephalitic behavioral changes in the form of irritability, aggression, 
forgetfulness, speech changes, and impaired scholastic ability have been reported.   
Unlike the other arboviral encephalitides that occur in the U.S., relatively few deaths 
have been associated with LaCrosse virus.  
 
Transmission Cycle 
 
The natural transmission cycles of LaCrosse virus involves mostly small mammals such 
as squirrels, chipmunks, field mice, and rabbits as the primary vertebrate hosts and 
mosquitoes of the genus Ochlerotatus, as the vector (See Figure I-4).   The animals 
become infected when bitten by infected mosquitoes. Propagation of the virus produces 
a viremic period in the animals and mosquitoes feeding on the animals subsequently 
become infected. Once infected, the mosquitoes remain infected throughout their life.  
The virus may also be passed on to succeeding generations of mosquitoes 
transovarially (through the egg) and venereally from an infected male mosquito to the 
female and her eggs. Since male mosquitoes do not feed on blood, they must be 
infected transovarially. The disease is enzootic and usually occurs in localized foci 
where environmental conditions support both the mosquito vectors and the host 
animals. Human disease usually occurs when persons frequent these localized habitats. 
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Figure I-4.  LaCrosse Virus Cycle 

 
 
Mosquito Vectors 
 
The primary vector of LaCrosse virus is Ochlerotatus triseriatus. This species is the 
most widely distributed tree hole mosquito in North America. Larvae develop in rot holes 
in many kinds of deciduous trees and in a wide variety of containers in which rain water 
and organic debris may accumulate. These include barrels, tubs, tin cans, tires and 
natural water containers such as ground pools and pitcher plants. Larval habitats of this 
species usually are in wooded areas or other shaded localities. Over-wintering is in the 
egg. Eggs are deposited on the walls of tree holes or other water containers just above 
existing water levels and hatching occurs only when water accumulations in the 
container increases enough to flood the eggs, either during the year in which they are 
deposited or at later times. Multiple generations can occur in Michigan during the warm 
months of the year. Adults fly and feed mostly during early morning and early evening 
hours. The peak feeding activity is during late afternoon and early evening and biting 
usually stops when full darkness occurs. Adults normally are found in deciduous forests 
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and woodlots, although they may become serious pests in residential areas near 
wooded localities and tire piles.  
 
JAMESTOWN CANYON VIRUS 
 
The Disease 
 
Jamestown Canyon is an “emerging” disease, probably expanding with the increasing 
deer populations in many regions of North America.  During 1963, three young men in 
Wisconsin experienced mild febrile illness that has since been attributed to Jamestown 
Canyon virus.  The first recognized case of primary encephalitis due to Jamestown 
Canyon virus was seen during 1980 in an eight-year-old girl living in rural southwest 
Michigan. The child was released after 27 days of hospitalization, and 15 months after 
discharge she had resumed all her previous activities with no evidence of neurological 
sequelae.  Subsequent human infections with JC virus have been recognized from 
Michigan, New York, Wisconsin, Indiana, Illinois, Ohio and Canada.   
 
The clinical symptoms associated with JC infections are similar to those of LAC 
infections.  However, unlike LAC virus, which primarily affects children under 12 years 
of age, eleven out of 12 cases reported between 1980 and 1982 were adults. 
 
Transmission Cycle 
 
With Jamestown Canyon, the white-tailed deer is the animal most often reported as the 
amplifying host (See Figure I-5).  In Indiana and Michigan the geographic pattern of 
antibody prevalence corresponds closely to the population distribution of deer.  Unlike 
other California group viruses, JCV apparently does not produce viremia in rabbits or 
squirrels.  Antibodies have been detected in domestic bovine and equines but these 
species, also, do not develop viremia.  Thus, neither small mammals nor domestic 
animals are likely to be important in disease transmission.  Transovarial transmission 
has been demonstrated in Ochlerotatus stimulans and Ochlerotatus triseriatus.  Over 
winter maintenance of the virus is probably in mosquito eggs and possibly in over 
hibernating adult female Anopheles.  The virus has been isolated from a few tabanid 
species but the importance of these flies as potential human vectors is not known.   
 
Mosquito Vectors 
 
In the western U.S. Jamestown Canyon virus has been isolated almost exclusively from 
Culiseta inornata.  Throughout most of the remainder of its range, though, it has been 
isolated primarily from woodland Ochlerotatus mosquitoes.  The most important vectors 
in the Midwest may be Ochlerotatus stimulans and Ochlerotatus communis.  Anopheles 
punctipennis and Anopheles quadrimaculatus are potential late season vectors.   
Isolations of JCV have been reported from Aedes vexans but, in laboratory studies, 
infection was limited to the midgut and this species may not be able of transmitting the 
virus to subsequent hosts.   
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THE ASSISTANCE AND COOPERATION OF PHYSICIANS AND LOCAL MEDICAL 
TREATMENT FACILITIES IN SUBMITTING ADEQUATE LABORATORY DIAGNOSTIC 
SAMPLES IS NEEDED TO DETERMINE THE TRUE FREQUENCY AND 
DISTRIBUTION OF MOSQUITOBORNE VIRAL DISEASE IN MICHIGAN. 
  

 
 

Figure I-5.  Jamestown Canyon Virus Cycle 
 
 
HEARTWORM 
 
The Disease 
 
Heartworm, Dirofilaria immitis, is a relatively new problem in Michigan. Presently, it is 
widespread throughout the Lower Peninsula and parts of the Upper Peninsula. It 
constitutes a major disease threat to dogs throughout the state.  
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The severity of the disease symptoms in dogs is highly variable, depending upon the 
intensity of infection, the age, breed, and health of the animal, and a variety of other 
factors. Adult worms, in the absence of treatment, may live as long as five years in the 



canine host and the microfilariae may survive as long as two years. Diagnosis of 
infection, other than by necropsy, depends upon finding circulating microfilariae in the 
dog's blood. Microfilariae are not produced until five or six months post-infection when 
the worms are mature and have mated, so detection of heartworm in dogs is 
necessarily delayed.  
 
Because symptoms of chronic heartworm infections are associated with both the adults 
and microfilariae, treatment of infections has two phases, one for the adults and one for 
the microfilariae. Depending upon the age, worm burden, and health of the animal, full 
treatment can produce rather severe toxic reactions and should never be attempted 
except by veterinarians.  
 
Transmission Cycle 
 
Transmission occurs only through the bite of a mosquito and involves a rather 
complicated cycle of development. Adult heartworms normally are attached to the right 
heart chamber walls or pulmonary arteries of an infected canine. After fertilization, the 
female begins to release microfilariae, the infective form of the heartworm for the 
mosquito, into the host’s bloodstream. When a female mosquito obtains a blood meal 
from a dog with microfilaremia, the microfilariae are ingested.  In mosquitoes capable of 
acting as biological vectors for this parasite, the microfilariae undergo development 
within the mosquito and ultimately the infective stage larvae migrate to the mosquito 
mouthparts. When mosquitoes containing the infective stage larvae feed on a dog, the 
larvae penetrate through the mosquito mouthparts and are deposited on the dog's skin 
at the point where the mouthparts are inserted. When the mosquito's mouthparts are 
withdrawn, the larvae enter through the puncture made by the mosquito and begin their 
migration and development within the dog. Development to the adult stage in the dog 
requires five to six months. Larval development in the mosquito is somewhat 
temperature dependent but takes approximately two to two and one-half weeks at 
Michigan's summertime temperatures.  
 
Mosquito Vectors 
 
Approximately one quarter of the species of mosquitoes known to occur in Michigan are 
biologically capable of transmitting heart worm. The most important species in the 
Midwest include Aedes vexans, Ochlerotatus trivittatus, Anopheles punctipennis, 
Anopheles quadrimaculatus and Culex pipiens.  Although no one species is likely to act 
as a vector in all parts of the state, it is virtually certain that one or more potential vector 
species are present in any given locality in Michigan. Also, with long-term infection in 
canid hosts, there is always a supply of microfilariae available.  Therefore, the potential 
for transmission exists throughout the entire state during the warm months of the year. 
For this reason, it is important that owners have their dogs and cats examined annually 
for heartworm infections and administer a prophylactic drug available from veterinarians 
throughout the mosquito season.  
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Mosquito Characteristics and Life Cycle 
 
General 
 
Mosquitoes are small, long-legged, two-winged insects belonging to the order Diptera 
and the family Culicidae. The adults differ from other Diptera in that they have both an 
elongate proboscis (mouthparts) and scales on the wing veins and wing margins. 
Worldwide there are over 3000 known species. About 150 species representing 14 
genera occur in the United States.  

 
Ten of the 14 genera that exist in North America are present in Michigan, and over 60 
species at this time are known to occur here. Important taxonomic reclassifications do 
occur during the course of time.  Examples of these which have had an impact upon 
Michigan species include the reclassification of Mansonia perturbans to Coquillettidia 
perturbans and the more recent reclassification of many Aedes species to the genus 
Ochlerotatus. This occurs when taxonomists believe that newly discovered anatomical 
differences or important characteristics warrant a regrouping. Specific species and 
characteristics will be examined more closely later in this chapter.  
 
Life History 
 
Mosquitoes have four distinct stages of development: egg, larva, pupa, and adult 
(Figure III-1). Eggs must be in water in order to hatch but may be deposited initially 
either directly on water or in locations subject to periodic flooding. Larvae and pupae are 
aquatic but the adults are active, free-flying insects. Overall, the aquatic and terrestrial 
habitats utilized by immature and adult mosquitoes are diverse but are relatively specific 
for each species. 
 
Eggs 
 
Adult females select locations for egg deposition that will provide suitable conditions for 

larval development after the eggs hatch, and egg laying characteristics follow one of 
three patterns: (1) eggs laid singly on the water surface; (2) eggs glued together to form 

rafts which float on the water surface; and (3) eggs laid singly out of the water. To a 
degree, the physical characteristics of the eggs of each species are adaptations that 

reflect the egg-laying pattern. Anopheles and Toxorhynchites eggs are deposited singly 
on the water surface and float until they hatch two or three days later. The Anopheles 
eggs have lateral extensions that serve as floats while the Toxorhynchites eggs have 

projecting spines that trap air bubbles that keep them on the water surface. Culex, 
Culiseta, Coquillettidia, and Uranotaenia species glue individual eggs together to form a 
floating raft. As the eggs hatch, two to three days later, the raft breaks up and individual 

egg cases (up to 300 or more) remain floating on the water. The eggs of Aedes, 
Psorophora, Ochlerotatus and Orthopodomyia species are deposited out of the water so 

they are adapted to withstand desiccation until the area is later flooded and the eggs 
hatch. Within these three genera there is a wide variety of habitats utilized, and the 

 21 



 
Figure III-1 Life Stages and Characteristics of Various Mosquito Genera 

 
environmental conditions needed for survival and subsequent hatching are varied. 
Orthopodomyia and some Ochlerotatus species lay their eggs on the sides of tree rot 
holes or other water containers just above the water surface. Orthopodomyia eggs 
hatch within two to three days and the larvae slide down into the water, while hatching 
occurs in Ochlerotatus species only when the water level rises and eggs are flooded. 
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Other Ochlerotatus, Aedes, and all Psorophora species deposit their eggs on moist soil 
where they remain until exposed to certain environmental conditions and subsequently 
are covered with water. Aedes, Psorophora and some of the soil-deposited 
Ochlerotatus eggs hatch shortly after flooding, but other Ochlerotatus must experience 
a protracted exposure to cold weather before flooding causes them to hatch. In some 
groups there may be several generations each year while other groups have only one. 
In Michigan all Aedes, Psorophora, and Ochlerotatus species over winter in the egg 
stage. 
 
Larvae 
 
Mosquito larvae have three distinct body regions: head, thorax, and abdomen (Figure 
III-2). The head is broad and somewhat flattened, with lateral antennae attached near 
the anterior end. A pair of eyes is located laterally near the posterior margin of the head 
and mouthparts are attached anteroventrally. Mouthparts usually consist of a series of 
brushes and grinding structures, but in some predaceous species, they are adapted for 
grasping their prey. The thorax is broader than the abdomen and somewhat flattened. 
The structure and numbers of hairs on both the head and thorax are used in the 
identification of species. The abdomen is elongated and cylindrical, consisting of nine 
well-defined segments. The first seven are similar, but the eighth and ninth are 
considerably modified. The eighth contains the respiratory openings, which in 
Anopheles are a pair of dorsal breathing holes, while in all others they are at the end of 
a prominent air tube. The ninth segment consists of a cylindrical structure, the anal 
saddle, a prominent fanlike brush, and two to four tapering membranous appendages, 
the anal gills, which are involved in regulating osmotic pressure rather than respiration. 
 
The locations in which mosquito larvae occur are determined by the sites selected for 
egg deposition by the female mosquitoes, but without exception, water is required for 
the full duration of larval and pupal development. Neither of these two stages can 
survive out of water. 
 
The size and type of water accumulations  (breeding sites) in which mosquito larvae are 
found are highly variable but have three common characteristics. The water is: either 
stationary or very slow moving; has a suitable food source for the larvae (bacterial, 
fungal, or algal growth and/or suspended organic particles); and provides some 
protection from wind and waves either in the form of emergent vegetation or other wind 
shielding features. Within these broad requirements, the specific type of water used by 
mosquito larvae is rather characteristic for each species but may vary widely from one 
species to another. Common larval habitats in Michigan are temporary pools caused by 
snowmelt, rain or stream overflow, used tires, tin cans, and other water collecting 
containers, storm sewer catch basins, roadside drainage ditches, rot cavities in trees, 
and permanent ponds, marshes, and lakes with emergent vegetation. The water in 
these locations may vary from fresh to highly polluted and have a broad spectrum of 
dissolved chemical concentrations. 
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Figure III-2 Comparison of Fourth Instar Anopheles and Culex Larvae 
 
 
During larval development mosquitoes pass through four stages or instars. At the end of 
each stage the larvae shed their skins (molt) and increase in size. At the end of the 
fourth instar, larvae molt again and become pupae. The time for complete larval 
development at normal summer temperatures in Michigan is from five to ten days but 
may take much longer at lower temperatures or if food is not adequate. Larvae are 
indiscriminate feeders that ingest all suspended particulate matter that is small enough 
to be swallowed. Most species also browse on algae, bacteria, and fungi growing on 
submerged surfaces. Some species are predaceous and feed on other mosquito larvae 
and small aquatic invertebrates. 
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 Mosquito larvae move about either by rapid flexures of the body or by slower 
propulsion due to the movement of the mouth brushes. The first type movement is used 
as diving reaction to avoid sudden light changes, water disturbances or to move from 
the bottom up to the water surface. The slower brush propulsion moves the larvae along 
the surface or the bottom. All mosquito larvae are air breathers and, with some 
exceptions, spend an appreciable amount of time suspended from the surface in 
characteristic positions. Anopheles rest parallel to the surface, suspended by float hairs 
inserted into the surface film, with their respiratory openings exposed to the air. All other 
Culicinae, except Coquillettidia, hang at an angle from the surface with the tip of their air 
tube (siphon) inserted into the surface film. Coquillettidia obtain air by inserting their air 
tubes into the hollow roots of aquatic plants and never need to go to the surface to 
breathe. 
 
Pupae 
 
The pupal stage is a relatively short (two to three days), nonfeeding, transitional stage in 
which the adult develops within the pupal covering. There are two body regions, an 
expanded cephalothorax and an elongate abdomen consisting of eight movable 
segments terminating in a pair of paddles. Projecting from the cephalothorax are two 
short, flared tubules (trumpets) surrounding the openings to the respiratory system. The 
trumpets are inserted through the water surface film which allows the pupae to breathe 
air directly. As with the larvae, exceptions to this are the Coquillettidia pupae, which 
insert their trumpets into the hollow, air-filled roots of aquatic plants. Pupae in other 
genera are lighter than water due to an air bubble in the cephalothorax so normally 
remain suspended at the water surface. If disturbed, they can move quickly by rapidly 
flexing the abdomen and its paddles, producing a diving, tumbling movement which is 
the source of their common name, tumblers. When pupal development is completed the 
skin splits along the dorsal side, and the adult crawls out and rests on the floating skin 
until able to fly away. 
 
Adults 
 
The adult mosquito (Figure III-3) is a small, fragile insect with a slender abdomen, one 
pair of narrow wings, three pairs of long, slender legs and an elongate proboscis. This 
stage varies in length from slightly over 1/16 inch to about 1/2 inch. Three body regions: 
head, thorax, and abdomen are distinct. 
 
The almost spherical head (Figure III-3) is joined to the thorax by a narrow, 
membranous neck and bears a pair of large, compound eyes, a pair of antennae, a pair 
of palpi, and the proboscis. The antennae, arising on the front of the head between the 
eyes, are long, slender structures with 15 segments, only 14 of which are readily visible. 
Each segment except the proximal two bears a whorl of hairs which are short and 
sparse in females but long and bushy in males. Antennae are believed to be organs of 
hearing and smell. The five-segmented palpi originate at the lower anterior margin of 
the head near the proboscis and vary in size and shape. In female Anopheles they are 
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Figure III-3 Anatomy of an Adult Female Mosquito With Detail of Terminal Abdominal 
Segment Variations 



 
The thorax bears the wings and legs and has a variety of scales and hairs or bristles on 
the upper surface and sides. The long, slender legs arise from the lower sides of the 
thorax and consist of five sections: a short, conical coxa; a hinge-like trochanter; a long 
femur; a slender tibia; and a five-segmented tarsus. The first tarsal segment is the 
longest and often equal in length to the tibia. The fifth tarsal segment bears a pair of 
small claws. All segments of the leg are covered with scales. The wings are long and 
narrow with longitudinal reinforcement structures called veins. They have a close-set 
row of long, slender fringe scales on the posterior margin. The wing veins also are 
clothed with scales, often of different colors that form distinct patterns. A pair of small, 
knobbed structures, known as halteres, is behind the wings. These vibrate rapidly 
during flight and function as organs of equilibrium. Scales and scale patterns on the 
thorax, legs, and wings, and the hairs and bristles on the sides of the thorax are all used 
in species identification. The elongate abdomen is nearly cylindrical and consists of ten 
segments, only eight of which are readily visible. The ninth and tenth segments are 
greatly modified for sexual function in both males and females. In Culicinae and 
Toxorhynchitinae species, the abdomen is covered with scales which often form 
characteristic markings. In Anophelinae species, abdominal scales are either absent or 
very sparse. The abdomens of Aedes, Ochlerotatus, and Psorophora females are 
tapered apically, with the eighth segments withdrawn into the seventh, while in all other 
U.S. genera, they are bluntly rounded at the apex (Figure III-3). The terminal abdominal 
segments of all male mosquitoes are greatly modified for copulation and are of value in 
species identification. 
 

Adult Mosquito Characteristics 
 
There are some behavioral characteristics that are common to most mosquito species, 
but by and large there are few generalizations that can be made. The male-female ratio 
in adult mosquitoes is normally about 1:1. Males emerge from the pupal stage about 24 
hours before the females and stay in the immediate vicinity until the females emerge. 
Mating occurs usually within 24 to 48 hours of female emergence so the majority of 
females in any population are fertile. Both females and males utilize nectar and other 
plant juices as energy sources; but only females take a blood meal, utilizing the protein 
from blood to produce eggs. In a few species females acquire enough protein during the 
larval stage to produce eggs when they become adults so do not require a blood meal 
to reproduce. Mosquito longevity in nature is highly variable and dependent upon a 
number of environmental conditions. In general males are much shorter lived than 
females, surviving for a few days to a week, while females may live for several weeks to 
months, depending upon the species and local conditions. Generally mosquitoes remain 
inactive during the day, resting in cool, humid locations to minimize moisture loss, and 
feeding and mating activity occurs from dusk through the night until just after dawn. 
 
The necessity of knowing the specific behavioral characteristics of individual mosquito 
species is extremely important in the context of the control or prevention of both 
mosquito borne diseases and pest mosquito problems. In order to understand the 
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dynamics of mosquito borne disease transmission and plan effective control measures 
for either disease or pest problems, it is necessary to know an impressive number of 
facts concerning the mosquito species present in the area of concern. Among these are: 
the types of larval breeding sites utilized; seasonal population levels; how far they fly 
from their sites of origin; whether or not a given species can become infected with and 
later transmit the pathogen involved; whether a given species present in the area is 
actually infected with pathogen at the time the disease is present in vertebrate hosts; 
the preferred host for blood-feeding; and many other related specific items of 
information. These types of specifics usually are unique for a given area. It is also 
important to remember that very few things in nature are absolute and that exceptions 
can and do occur. 
 
In the past, various classification schemes have been used to group mosquito species 
such as time of year they emerge because traditional taxonomic groupings are often too 
rigid. It is not uncommon to find several different species co-existing in the same 
habitat. Species also share important life strategies that can be used as a basis for 
creating groups. In the New Jersey Agricultural Experiment Station Publication No. E-
40101-02-97, Wayne Crans and James McNelley propose the following groups which 
apply to all northeastern mosquitoes. 

 
 

Aedes vexans group Ae. vexans, Oc. dupreii, Oc. flavescens, Oc. spenceri, Oc. 
trivittatus, Ps. ciliata, Ps. ferox, and Ps. varipes. 

Desiccation resistant eggs laid in ground depressions  

Larvae develop in a wide range of transient freshwater habitats  

Multiple generations each year  

Over winters in the egg stage 
 
Anopheles quadrimaculatus group An. quadrimaculatus, An. earlei, An. punctipennis, 
Uranotaenia sapphirina, Cx. erraticus, Cx. tarsalis and Cx. territans 

Non-desiccation resistant eggs laid directly on water  

Larvae develop in freshwater swamp habitats  

Multiple generations each year 

Over winters as a mated female 
 
Anopheles walkeri group 

Non-desiccation resistant eggs laid directly on water  
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Larvae develop in fresh water swamp habitats  

Multiple generations each year 

Over winters in the egg stage 
 

Coquillettidia perturbans group 

Non-desiccation resistant eggs laid directly on water  

Larvae develop in fresh water swamp habitats  

Single generation each year  

Over winters in the larval stage 
 

Culiseta melanura group Cs. melanura and An. crucians 

Non-desiccation resistant eggs laid directly on water  

Larvae develop in freshwater swamp habitats  

Multiple generations each year  

     Over winters in the larval stage 
 

Culex pipiens group Cx. pipiens, Cx. restuans and Culiseta inornata 

Non-desiccation resistant eggs laid directly on water  

Larvae develop in polluted water habitats  

Multiple generations each year  

Over winters as a mated female 
 

Culex salinarius group 

Non-desiccation resistant eggs laid directly on water  

Larvae develop in permanent brackish water habitats  

Multiple generations each year  

Over winters as a mated female 
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Ochlerotatus abserratus group Oc. abserratus, Oc. aurifer, Oc. fitchii, Cs. morsitans 
and Cs. minnesotae. 

Desiccation resistant eggs laid above waterline in saturated soil habitats  

Larvae develop in swamps and bogs  

Single generation in early spring  

Over winters in the egg stage 

 

Ochlerotatus canadensis group Oc. canadensis, Ae. cinereus and Oc. sticticus. 

Desiccation resistant eggs laid in ground depressions  

Larvae develop in a wide range of transient freshwater habitats  

Major generation in early spring followed by sporadic egg hatch later in the season  

Over winters in the egg stage 

 

Ochlerotatus communis group Oc. communis, Oc. excrucians, Oc. grossbeckii, Oc.  
implicatus, Oc. intrudens, Oc. provocans, Oc. punctor and Oc. stimulans. 

Desiccation resistant eggs laid in ground depressions  

Larvae develop in woodland pools  

Single generation in early spring  

     Over winters in the egg stage 

 

Ochlerotatus sollicitans group Oc. sollicitans, Oc. cantator, Oc. campestris, and Oc. 
dorsalis  

Desiccation resistant eggs laid on a substrate that will be flooded by rain or lunar 
tides  

Larvae develop in salt marshes or saline pools  

Multiple generations each year  

Over winters in the egg stage 

 30 



 

Ochlerotatus triseriatus group Oc. triseriatus, Oc. hendersoni and Ae. albopictus 

Desiccation resistant eggs laid above the waterline in a container habitat  

Larvae develop in a wide range of natural and artificial containers  

Multiple generations each year  

Over winters in the egg stage 

 

Wyeomyia smithii group Wy. Smithii, An. barberi, Or. Alba, and Or. Signifera 

Non-desiccation resistant eggs laid directly on water in container habitats  

Larvae develop in natural or artificial containers  

Multiple generations each year 

Over winters in the larval stage 
 
Identification 
 
The need to accurately identify species quickly becomes apparent from the highly 
varied ecological characteristics of these different groups. Identification to the species 
level is possible, but often difficult with larvae and certain critical distinctions may not be 
developed well enough in the younger instars. Adult males are rarely identified since 
they lack the blood feeding behavior of females. Adult females are the most commonly 
identified. 
 
A variety of keys exist for this purpose, which exceed the depth of this chapter. Although 
some characteristics are observable with the naked eye, a dissecting scope and good 
lighting is a great benefit to mosquito identification. It is also important to consider in any 
identification that some characteristic markings may be damaged or obscured. In such 
cases it is helpful to know things such as where the mosquito was collected for assisting 
the process.  This chapter concludes with a general key to the more commonly 
encountered mosquito genera of Michigan. 
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A Dichotomous Key to Commonly Encountered Mosquito Genera of Michigan (Adult 
Females) 
 
 
 
 
 

 
1) Palps as long as proboscis as in figure 1A……………………………..….Anopheles 
 
1) Palps shorter than proboscis as in figure 1B…………………………….....2 

 
2) Metallic blue scales present on wings, head, and thorax as in figure 2A..Uranotaenia 
 
2) Metallic scales absent………………………………………………………3 

 
3) Abdomen pointed with cerci extended as in figure 3A……………………4 
 
3) Abdomen blunt with cerci retracted as in figure 3B………………………6 
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4) Abdominal segments with dorsal, apical scales as in figure 4A,  
    relatively large in size……………………………………………………Psorophora 
 
4) Abdominal segments with dorsal, basal scales as in figure 4B………….5 
 

 
5) Dorsal, basal abdominal bands with medial V notch as in figure 4B or coxa 
    of forelegs (5A) and occiput (5B) with patches of dark scales as in figure 5..Aedes 
 
5) Markings in figure 4B and figure 5 absent……………………...……….Ochlerotatus 

 
6) Scutum with narrow white lines as in figure 6A……………..……...Orthopodomyia 
 
6) Scutum without white line markings…………………………………7 
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7) Proboscis with white band and salt and pepper wing scales as in 
     figure 7A………………………………………………………………..Coquillettidia 
 
7) Uniformly dark wing scales and proboscis lacking white band as 
     in figure 7B………………………………………………………………8 

 
8) Bristles present on ventral, subcostal vein of wing near thorax relatively 
     larger size body (figure 8A)…………………………………….….……Culiseta 
 
8) Bristles absent, relatively smaller size body…………………………….Culex 
 
 
Line drawings adapted from Illustrated Key to The Mosquitoes of Ohio, Robert Restifo 1982  
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 MOSQUITO SURVEILLANCE 
 

Introduction 
 

Surveillance of mosquitoes is essential for the 
planning, operation, and evaluation of any 
effective mosquito control program, whether for 
the prevention of mosquito-borne diseases or the 
lowering of nuisance populations of these biting 
insects to a level permitting normal activities 
without undue discomfort.  
 

Figure 1.  Map showing 
mosquito sampling stations. 

Two types of surveys are needed for a successful 
mosquito control operation.  The first survey is an 
initial survey used to determine the species of 
mosquitoes, breeding sources, habitat locations, 
population densities, and specific species flight 
range.  It may also include information on life 
cycles, feeding preferences, larval habitats, adult 
resting places, time of biting activity, and 
recommendations for a control program, and 
setting up immediate and long term goals. The 
second survey is operational in nature.  It consists 
of a continuing evaluation, which is extremely 
valuable in the daily operation of a mosquito 
control program by furnishing information on the 
effectiveness of control operations and natural 
population fluctuations. This data can be used for 
comparison throughout a season or from year to year. 
 
These surveys do not determine the absolute population of mosquitoes as is done in a 
human population census. Rather, these surveys show fluctuations in mosquito 
abundance throughout the period of the survey or in different areas of the control zone. 
 
Mosquito Control Maps 
 
Reasonably accurate and comprehensive maps are essential in planning a mosquito 
control operation. These maps assist in locating breeding habitat, designate spray 
areas, assist in program evaluation, and in reporting for informational and budgeting 
purposes.  Common maps for mosquito control may include: adulticiding route maps; 
sewage lagoon maps; catch basin maps; seasonally flooded woodland maps; and maps 
locating tires, flooded fields, and other breeding habitats.  Maps are used for orientation 
and for location and plotting larval breeding places and adult sampling stations. Maps 
can show streets, roads, railroads, houses, as well as ponds, ditches and areas prone 
to flooding. Special maps needed for mosquito control can now be developed very 
 35 



easily with computer Geographic Information 
System (GIS) software. The maps (Figure 1 & 
2) illustrate samples of the types of maps 
required for mosquito control operations. 
These maps may include control areas, 
mosquito trap locations, no spray areas, the 
possible flight range of mosquitoes from 
different breeding sites, and habitat locations. 
All larval and adult sampling stations can be 
identified by symbols or numbers. Counts 
made at these stations at weekly or biweekly 
intervals permit immediate evaluation of the 
mosquito problem at any time, indicating the 
abundance of mosquitoes, the species 
involved, the flight range, disease vectoring 
potential, and the areas requi

Figure 2. Map used for ULV 
adulticide spraying.  Note symbols 
designating no spray areas. 

ring high priority 

r a control application and conduct 
n effective search for the larval breeding locations. 

material, equipment, insecticides, and furnishes justification for the entire 
peration.  

for live collections, field record forms, notebook, pencil, 
ashlight and map (Figure 3). 

for control efforts. 
 
Adult Mosquito Surveillance 
 
Adult surveillance permits evaluation of the 
incidence of mosquitoes in a community where 
they may bite people, and shows the relative 
abundance of various species present at any 
given time.  This data can be compared from a 

week ago, a month ago, one-year ago or ten years ago. Using this information and 
reference materials on the breeding sites and habitats of mosquito species allows the 
mosquito control specialist to determine the need fo
a
 
Adult mosquito surveillance furnishes data to determine the best times and places for 
adulticide spraying. This data is also used to check results of treatments and for 
reporting to the public and officials the extent of the problem. Interpreting adult mosquito 
surveillance records and reports helps translate this information into action regarding 
manpower, 
o
 
Equipment required can be simple and inexpensive, consisting of a collecting tube or 
aspirator, plastic vials, cages 
fl
 
The collecting tube may be made from a glass or plastic jar of any convenient size. If 
using plastic jars with chloroform or ethyl acetate check to make sure these chemical do 
not melt the plastic. The jar is filled to a depth of about one-inch with plaster of paris. 
Sufficient chloroform or ethyl acetate is then added to saturate the plaster of paris at 
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bottom of jar. An alternate method is to place a cut piece of Vapona strip (“No Pest” 
strip) to sit in the bottom of jar. A disc of paper or cardboard may be placed over the 
plaster of 

 
ed in mosquito 

surveillance. 

Figure 3. Collecting and other
equipment us

paris or Vapona strip to keep insects from making direct contact with 
hemical. 

events 
amage, making identification easier. 

 or shipped to a laboratory 
r identification. 

 re-chargeable  “dust buster” type vacuums purchased at your local 
ardware store.  

tes. The mosquitoes are collected with 
spirator either by the collector or a co-worker.  

c
 
Collecting tubes remain effective for several 
weeks and can be “recharged” when 
necessary by removing disc and adding 
more chemical or replacing Vapona strip. 
The addition of crinkled tissue paper to the 
tube helps keep specimens dry and pr
d
 
A simple mouth suction aspirator can be 
made from a section of plastic tubing 12-15 
inches long with an inside diameter of about 
3/8 of an inch (inside diameter). A pipet with 
a small piece of cotton inside it can be 
inserted into one end of the tubing. The 
cotton inside the pipet is important as it 
prevents mosquito scales, legs, wings, or 
other debris from being inhaled into your 
mouth. Small, capped vials of varying sizes 
are convenient for holding dead mosquitoes 
until they can be identified. A wisp of 
crumpled soft tissue or lens paper again will 
prevent damage to the specimens as they 
are carried about
fo
 
If you prefer various types of hand held 
aspiration devices can be purchased from 
the list of vendors at the end of this chapter.  Frequently, simple aspiration devices can 
be fabricated from
h
 
Landing Collections- The collection of mosquitoes as they land and attempt to bite is a 
convenient method of sampling populations. In making landing counts, the subject 
should expose part of the body by rolling up sleeves or trouser legs, and sit quietly for a 
designated period of time, usually 5 to 10 minu
a
 
It is customary to make biting collections about sundown or when target species is most 
active. Sometimes collections are made from a domestic animal, such as a horse if the 
target species does not readily seek man for blood meals. When collections are made 
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at night a flashlight is convenient. Whether counts are made from humans or animals, it 
should be recognized that certain individuals are more attractive to mosquitoes than 
others. It is therefore desirable for the same person or animal to be used throughout a 
given survey. Collections must be made at regular intervals, at about the same time of 
day, same length of time, and with same exposure area. If collections are conducted the 
same way then biting rates at different stations may be compared to show trends in 
mosquito populations. If mosquito populations are high it may be necessary to shorten 
c

 (Note: 

Mason jar to kill 
mosquitoes). 

Figure 4. American Light Trap
Piece of Vapona strip can be 
substituted in 

ollection time so that collector isn’t bitten before they can aspirate landing mosquitoes. 

. Mosquito resting stations may be divided into two general types: natural 
and artificial. 

, 
such as Aedes vexans and Oc. sollicitans. 

 

 
Daytime Resting Collection- Adults of most species are inactive during the day, 
resting quietly in dark, cool, humid places. Careful inspection of daytime shelters and 
habitat should give an index to the population density of these mosquitoes. This method 
is especially useful for Anopheline mosquitoes and is commonly used for Anopheles 
quadrimaculatus. It is also of value in estimating populations of some Culicines such as 
Culex pipiens

 
Natural resting stations are present in areas 
such as houses, stables, chicken houses, 
privies, culverts, under bridges, pole barns, 
catch basins, caves, hollow trees, 
overgrown fields, and overhanging banks 
along streams. With experience, you can 
evaluate the suitability of areas as resting 
stations by casual inspection. Dwellings, 
especially when unscreened, often prove to 
be satisfactory resting stations, being 
especially important when mosquito-borne 
diseases are being investigated. Under 
such conditions, they indicate the number of 
mosquitoes which may bite man and 
transmit encephalitis or other mosquito-
borne diseases. In overgrown fields or 
grassy areas insect nets can be used for 
collecting mosquitoes. This is accomplished 
by walking slowly and sweeping the net 
back and forth through the top few inches of 
vegetation. Various types of backpack 
mounted mechanical aspirators have also 
been fabricated to use during this type of 
collection. Mosquito collections by this type 
of method helps to determine species which 
rest in these habitats during the daytime

 38 



Many different types of artificial resting boxes have been used. Recently, the most 
popular is a fiber pot, which is molded from recycled wood pulp in the form of hollow, 
truncated pyramids. Fiber pots are used in the garden industry to grow and sell plants 
in. Those frequently used have a height of 28 cm, the base (open end) is 28 cm x 28 cm 
and the top (closed end) is 15 cm X 15 cm. The fiber pots are lightweight, easy to stack 
for transportation and durable to weather conditions. For best results the inside of the 
fiber pot is spray-painted with a flat black latex paint. The fiber pot is placed out in the 
evening on its side in a shaded wooded area. Remove large sticks from ground around 
box to prevent disturbance when collector approaches.  Face the opening away from 
the direction of the wind and sun. Collections are made the following day with an 
aspirator during the early afternoon or late morning. Avoid making collections before 
11:00am, thus allowing adequate time for night feeding mosquitoes to seek out the box 
as a resting site.  Some people have developed caps for the open end of the resting box 
to help prevent mosquitoes from escaping during aspirations. These resting boxes are 
very efficient at collecting Culiseta melanura mosquitoes. 
 
Adult Trap Collections- Many mosquito species are attracted to light, making it 
possible to utilize this response in sampling adult populations between dusk and dawn. 
The New Jersey and American light trap (Figure 4), developed in the 1930’s has been 
widely used in obtaining data on the density and species composition of mosquito 
populations. These traps are normally located at one site during the summer, as they 
require 120-volt household current for operation. They can be turned on/off at sunset 
and sunrise by the homeowner, a photo sensor switch, or a 7-day timer. The light trap is 
mounted on a post, or hung from a tree with the light 5-6 feet above the ground. It 
should be located 30 feet or more from 
building in open areas near trees and 
shrubs. Do not place it near other lights or 
open areas prone to strong winds. The traps 
are operated on a regular schedule from one 
to seven nights per week. The collection 
should be removed each morning and 
placed in a properly labeled vial to be sorted 
and identified. 
 
The Centers for Disease Control (CDC) 
Miniature Light Trap (Figure 5) was 
developed for greater portability in making 
live mosquito catches in remote areas where 
standard electric power is not available. 
These traps are baited with light, light and 
CO2 (dry ice), and just CO2.Currently there 
are many similar traps on the marked sold 
under various names. This small plastic trap 
has been field-tested and works very well, 
especially in capturing spring Ochlerotatus 

Figure 5. CDC Miniature Light Trap. 
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(single generation) mosquitoes. In one instance, a CDC trap baited with only CO2 
collected 15,000 Ochlerotatus canadensis mosquitoes in a single night. When using 
light as a bait this type of trap collects a high percentage of mosquitoes in proportion to 
other insects and many more females than male specimens. If the trap is baited with 
only CO2 it will collect almost exclusively adult female mosquitoes and no “trash 
insects”, which is a desirable feature in collecting mosquitoes for virus studies. Studies 
have reported an increase of 400-500% in overall catch when the trap is baited with 
both CO2 and light. CO2 also increases the number of species captured by 20-25%.  
 
When baiting traps with CO2 use 2-5 pound chunks of dry ice wrapped in newspaper or 
place in an insulated thermos with a small hole in the bottom. Hang the dry ice above 
the trap so the CO2 drifts down on the trap. Another method is to use 5-pound canisters 
of CO2 gas that can normally be found at any store that carries welding supplies.  When 
using cylinder gas you need a hose running to the top of the trap for the gas to escape 
and a regulator to maintain gas flow at about 500 ml/minute. Traps are hung at a height 
of 5-6 feet (3-4 feet if sampling spring Ochlerotatus species). Traps can be hung from 
tree branches with heavy string or light weigh chain with an S-hook on each end.  A 
piece of rod formed in the shape of an “L” can also be used by simply sticking one end 

in the ground and hooking the trap to the other 
end. As mosquitoes respond to the attractant they 
are blown downward through a screened tunnel 
into a mesh bag suspended below the trap. The 
light and fan are powered by either four “D” cell 
batteries, a 6 volt garden tractor battery, or a 6 volt 
re-chargeable gel cell battery.  Frequent collectors 
prefer the re-chargeable gel cell batteries.  
 
There are wide differences in the reactions of 
different species of mosquitoes to light, light and 
CO2, and CO2 alone. Therefore, time of year, time 
of trap placement and type of bait will all effect 
what species of mosquitoes will be attracted to 
your traps. For example, when light is used as the 
attractant they will collect such species as Aedes 
vexans, Coquillettidia perturbans, and Ochlerotatus 
sollicitans. Traps using just CO2 as the attractant 
will collect large numbers of spring mosquitoes 
such as Ochlerotatus canadensis, Ochlerotatus 
fitichii, Ochlerotatus stimulans, and Ochlerotatus 
intrudens. The common malaria mosquito, 
Anopheles quadrimaculatus is seldom taken in 
significant numbers when using light, CO2, or both 
as the attractant. In general, the best way to trap 
Anopheles species is to use an updraft trap using 
UV light as the attractant.  

Figure 6. Gravid Trap 
(Attractant: 85g guinea pig 
pellets, 0.85g brewer’s yeast, 
and 0.85g of whey. Allow 
infusion to ferment 7 days, 
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It has been reported that light trap collections of many species of mosquitoes show 
fluctuations on a four-week cycle correlated with the dark and bright phases of the 
moon, being greatest during the dark phases. Even day-to-day collections can vary 
greatly depending on wind, air temperature, humidity, cloud cover and rainfall. 
 
Culex mosquitoes are not collected in large numbers when using light or CO2 as an 
attractant.  Since they are an important disease vector, a gravid trap (Figure 6) was 
developed to capture Culex mosquitoes. This trap is very effective in capturing large 
amounts of undamaged gravid Culex mosquitoes. Gravid traps can be easily built or 
there are a couple variations that be purchased through vendors (see list at end of 
chapter) that carry insect collecting equipment. The trap is lightweight, portable and 
runs on one 6-volt gel cell rechargeable battery. One gallon of attractant placed in a 
black tray draws gravid (blood feed females ready to lay eggs) to the trap to oviposition 
(lay eggs).  While flying above the attractant’s surface, the mosquitoes are drawn into 
the collection chamber by an air current. The design of the trap and power from the fan 
create an updraft air current. The mosquitoes are captured live and can be used for 
species density information and virus isolation studies.   
 
 
Larval Mosquito Surveillance 
 
It must be assumed that mosquitoes have adapted themselves to almost every 
conceivable type of aquatic situation. It is necessary to obtain information regarding the 
general breeding habits of the species known or suspected to be present in an area 
prior to initiation of larval surveys. An experienced person may be able to spot the 
probable mosquito-breeding places in a specific area by means of a rapid 
reconnaissance survey. These places should be carefully designated and marked on a 
map. More detailed inspection is then required to determine the specific species 
breeding and establish permanent larval sampling stations.  Larval surveys show the 
exact areas in which mosquitoes breed and their relative abundance that is very useful 
in coordinating control efforts. 
 
A white plastic or enameled dipper about four inches in diameter (350 ml capacity) is 
most often used for collecting mosquito larvae (Figure 3).  The handle of the dipper is 
normally made from a 3-foot wooden dowel of 5/8-inch diameter.  To sample difficult 
habitat, the handle can be extended to a convenient length by inserting a longer piece 
of dowel, electrical conduit, or specially designed extendable handles can also be 
purchased. Many special dippers are used for difficult habitat sampling such as in tree 
holes and catch basins.  
 
Mosquito larvae are usually found where surface vegetation or debris are present. Thus, 
in larger ponds and lakes, larvae are rarely found and if they are present they are 
confined to the vegetated marginal areas away from wave action. It is necessary to 
proceed slowly and carefully in searching for mosquito larvae. Disturbances of the water 
or casting shadows over the water may cause the larvae to dive to the bottom. 
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Anopheline larvae float parallel to the water surface and are collected by a skimming 
movement of the dipper with one side pressed just below the surface. The stroke is 
ended just before the dipper is full since larvae will be lost if the dipper is filled to the 
point that it runs over. Where clumps of erect vegetation are present,  it is best to press 
the dipper into such clumps with one edge depressed so that the water flows from the 
vegetation into the dipper. Culicine larvae such as Aedes, Ochlerotatus, Culex, or 
Psorophora require a quicker motion of the dipper, as they are more likely to dive below 
the surface when disturbed. 
 
The inspector should always record the number of dips made, the number of larvae 
found and the stages (instar) present. For species identification, the larvae can be 
transferred to small vials by a wide-mouth pipette and preserved in 70% alcohol for later 
identification. It is possible to get a rough idea of the breeding rates by computing the 
average number of larvae per dip.  The number of dips required will depend on the size 
of the area, but for convenience they should be in multiples of ten. Inspections should 
be made at interval of one to two weeks during the mosquito breeding season, as areas 
which are entirely negative at one time may be heavily infested during another 
inspection.  
 
Variations in the procedure described above are required when inspecting for certain 
species. For example, Coquillettidia larvae remain below the water surface through out 
their development attached to aquatic plants roots. The larvae can be sampled by 
pulling up aquatic plants (cattails, sedges, pickerelweed, etc), washing them in a pan of 
water, and searching the bottom muck and debris for the larvae. Inspection for  
Ochlerotatus triseriatus  involves searching for tree holes and artificial containers in 
which these species breed. These are often too small to admit an ordinary dipper, but 
water may be siphoned into a dipper or pan 
where the larvae can be seen.  

osquito Egg Surveillance 

ito season 
using the standard mosquito dipper. 

 
M
 
Egg surveys can be carried out primarily to 
determine the breeding locations of 
Ochlerotatus and Psorophora mosquitoes as 
they lay their eggs on damp soil in places 
subject to intermittent flooding. This type of 
sampling is very time consuming, as it requires 
the collection of sod samples from suspected 
breeding habit, which then must be processed 
through an egg separation machine. However, 
it does allow you the opportunity to monitor 
mosquito populations during the fall and winter 
months. In most situations, it is much easier to 
sample the habitat during the mosqu

Figure 7. Oviposition Trap. 
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Mosquito egg collecting can be done using oviposition traps to sample container-
breeding Culex species and the treehole breeding mosquito Ochlerotatus triseriatus. 
The oviposition trap (Figure 7) can easily be made out of No. 10 food cans (3lb coffee 
cans) painted black inside and outside. The traps are placed in shaded areas on a tree 
or pole at a height no greater than 1.2 meters and filled with water. A few dried leaves 
or some grass placed in the bottom of the can will make the trap more attractive to egg 
laying female mosquitoes. An oviposition (egg) substrate made of a 6” x 6” muslin strip 
or balsa wood is then placed inside the can with the water covering about half of it. 
Gravid Ochlerotatus triseriatus females will then use this substrate to lay eggs just 
above the water level in expectation of future water levels flooding eggs and causing 
them to hatch. Culex species will lay their egg rafts directly on the water surface. Check 
traps every 7 days to make sure they do not becoming a breeding source. If larvae are 
found in the trap, dump the water and reset the trap.  
 
The ovipositional substrate (muslin strip or balsa wood) is collected on a weekly basis 
and returned to the laboratory in ziplock bags. Keep these samples cool and moist 
during transportation, taking care to avoid too much moisture that could cause eggs to 
begin hatching. These eggs can be used for population density studies or reared to 
adults for use in virus isolation disease studies. 
 
Utilization of Surveillance Data 
 
Data from preliminary reconnaissance surveys are correlated with reported disease 
prevalence or complaints of nuisance mosquitoes. It is only after reviewing all of this 
information that the mosquito control staff can make an intelligent decision as to the 
need for a control application and the type of control operation which will be most 
effective, economical, and environmentally sensitive.  
 
Inspections must be continued routinely once the mosquito control season is under way. 
Information from such inspections serves to show the progress of the control 
operations. The success or failure of a mosquito control project cannot be measured in 
terms of the number of feet of ditches  larvicided or the number of gallons of insecticides 
used.  While these are useful statistics, it is the actual population of mosquitoes that is 
significant. If the mosquito population is reduced to a satisfactory level, there should be 
accurate data showing this reduction. On the other hand, if mosquito populations remain 
high, these facts should be known so that efforts may be intensified to obtain control. It 
is always advisable to inspect some comparable breeding areas beyond the control 
area at regular intervals in order to learn the normal fluctuation of various species 
through the season. 
 
The correlation between mosquito annoyance and numbers captured in traps has been 
established for some localities. In New Jersey, for example, it was determined that 
general annoyance did not ordinarily occur until the number of female mosquitoes 
captured in Light Traps of all species exceeded 24 per trap per night. Similar criteria can 
be worked out for other areas, different types of traps, and for specific species. 
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Standards for landing rate collections as well as for other sampling methods for adult 
mosquitoes may also be readily established. 
 
Numbers of mosquito larvae found are a bit more difficult to correlate with pest 
problems or disease risk. However, larval surveillance reveals the specific sources of 
mosquito production. This information is invaluable to the  mosquito control professional 
as it enables then to apply effective larvicides to the right places at the right times. Data 
over a period of time may also serve to justify the use of permanent control measures 
called source reduction. These more expensive operations, such as filling, draining, and 
tiling should be undertaken only when careful inspection of each area has shown its role 
in the production of the vector or pest species of mosquitoes which are important in our 
locality. 
 
List of Trap Supply Venders 
 
� John W. Hock Company, P.O. Box 12852, Gainsville, FL 32604 
    (352)378-3209     Web Site: www.acceleration.net/jwhock 
 
�Clarke Mosquito Control Products, P.O. Box 72197, Roselle, IL 60172 
   (800)323-5727     Web Site: www.cmosquito.com 
 
�Hausherr’s Machine Works, Toms River, NJ 08753 
   (732)349-1319 
 
�BioQuip, 17803 LaSalle Avenue, Gardena, CA 90248-3602 
   (310)324-0620     Web Site: www.bioquip.com  
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MOSQUITO MANAGEMENT AND METHODS OF CONTROL 
 
General 

 
Mosquito management means the integration of a number of methods designed to 
mitigate, prevent, reduce, exclude, or control the numbers of biting mosquitoes to such 
an extent that they no longer adversely affect the health or quality of life of persons or 
populations of people. 
 
Effective integrated mosquito management incorporates physical, biological, and 
chemical activities.  Individual homeowners or organized groups may undertake these 
activities.  Some residential communities organize to control their mosquito problems.  
These management measures include permanent and temporary measures.  
Permanent measures include impounding water and ditching, and draining swampy 
mosquito breeding areas.  Temporary measures include treating breeding areas to kill 
larvae and aerosol spraying by ground or aerial equipment to kill adult mosquitoes.  
Organized mosquito management can accomplish much more than individual efforts.  If 
you are not sure about whether your community has a mosquito control district, contact 
the local health department. 
 
Organization for Effective Mosquito Management 
 
Why Organize for Mosquito Management? 
 
Experience in mosquito management/control throughout the United States over the past 
75 years has shown that the only effective way to wage a successful mosquito control 
campaign is to organize on a community-wide basis.  Most of the mosquito problems 
that trouble homeowners and the general population cannot be eliminated through 
individual efforts, but instead, must be managed through an organized effort. 
 
Community mosquito control programs not only prevent disease and improve quality of 
life, but also provide qualified management to ensure that control activities are 
consistent with environmental concerns.  They can improve real estate values and 
attract new business and residents. 
 
How to Organize a Community Program 
 
Citizens, when sufficiently impressed by the severity of a mosquito problem, are in the 
most favorable position to organize a mosquito control agency.  A few individuals who 
express mutual interest in the problem usually take the first steps.  These persons may 
then present a proposal to a community group or club for further action.  Local service 
clubs may assist in the planning and development of a program, particularly in financing 
the planning or in community education.  City and county chambers of commerce want 
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to attract additional business and residents and have an interest in providing a pleasant, 
mosquito-free environment. 
 
Any plans to organize a mosquito control program should be developed in accordance 
with existing state and local laws.  Legal counsel should always be obtained in order to 
assure that all requirements for the formation of a mosquito control program are 
properly met.  The Michigan Mosquito Control Association (www.mimosq.org), formed in 
1986, is a non-profit group made of mosquito control professionals, industry 
representatives, and university professionals who disseminate information concerning 
mosquitoes and diseases they transmit. The MMCA also unites and coordinates 
common mosquito control interests and efforts.  
 
The State of Michigan does not have specific legislation on how to establish a mosquito 
control district.  Therefore, districts are organized at the county level through 
referendum and supported by special millage assessments. 
 
There are currently four such districts organized in Michigan.  Saginaw County Mosquito 
Abatement Commission and Bay County Mosquito Control were organized in 1976 (first 
as an intergovernmental commission).  Midland County Mosquito Control was 
established in 1983 and Tuscola County Mosquito Abatement began operations in 
1997. 
 
What Precedes a Successful Community Program 
 
The basis of any mosquito control program should be sound biological information.  Any 
village, city, township, or other group that conduct plans to initiate routine or emergency 
mosquito control activities should seek consultation from their local health department, 
the Insect and Rodent Management Program at the Michigan Department of 
Agriculture, the Michigan Department of Community Health, the Michigan Mosquito 
Control Association, or from other qualified sources. 
 
Before any control measures are undertaken, it is necessary that a comprehensive 
survey be conducted to determine the mosquito species involved and their breeding 
sources.  The survey should precede the control program by one full season.  It will be 
necessary to obtain large-scale maps (or aerial photos) of the control area and to plot 
on these maps every potential mosquito breeding area.  About the first of April, the area 
should be searched for standing water and every potential breeding area should be 
tested periodically for presence of mosquito larvae. 
 
Temporary rain pools and floodwater pools constitute ideal breeding places for 
mosquito larvae.  Deep and permanent pools and those connected to running streams 
do not usually produce mosquitoes because of fish and other predators. 
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Mosquito Management by Individuals 
 
General 
 
Since most areas of the state do not have the advantages of an organized mosquito 
management/control program, the individual must take protective measures.  There are 
many ways individuals can reduce mosquito populations in and around the premises to 
protect themselves and their family from the ravages of mosquito bites.  These activities 
can be grouped into three primary management areas:  personal protection, mosquito 
larval control, and adult mosquito control. 
 
Personal Protection 
 
The aim of personal protection is the prevention of mosquito bites even in the face of 
large numbers of hungry mosquitoes.  Personal protection is particularly important in 
areas of known or suspected occurrence of diseases like encephalitis that occur 
regularly in Michigan. 
 
During times of suspected mosquito-borne disease outbreaks, all individuals in the 
affected area will be notified and encouraged to use personal protective measures. 
 
Screening 

 
Mosquitoes can be kept out of the home by keeping windows, doors, and porches 
tightly screened (16-18 mesh).  Frequently, mosquitoes follow people into buildings or 
enter on the human or pet animal host.  For this reason, screen doors should open 
outward and have automatic closing devices.  Residual insecticide applications on and 
around screen doors give added protection.  Those insects that do get into structures 
can be eliminated with a fly swatter or an aerosol space spray containing synergized 
pyrethrin. 
 
Avoiding Mosquitoes 

 
Most mosquito species bite at night, especially during twilight hours. There are some 
species that bite during the day in wooded or other shaded areas.  If possible, avoid 
exposure during these times and in these areas.  Use protective clothing, insect 
repellent or go indoors.  Children usually do not notice mosquito activity and bites while 
engaged in play.  Be especially watchful and see that they are protected, or call them 
indoors. 
 

Protective Clothing 

Considerable protection from mosquito bites is offered by clothing made of tightly woven 
materials that cover the arms and legs.  Button the collars and keep trouser legs tucked 
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into socks or boots.  During very severe mosquito activity, if you must be out of doors, 
you may use head and face nets, gloves, and knee-high boots. 
 
Vegetation Management 

 
Homeowners can reduce the number of areas where adult mosquitoes can find shelter 
by cutting down weeds adjacent to the house foundation and in their yards, and mowing 
the lawn regularly.  To further reduce adult mosquitoes harboring in vegetation, 
insecticides may be applied to the lower limbs of shade trees, shrubs and other 
vegetation.  Products containing synthetic pyrethroids or malathion have proven 
effective.  Always read and follow label directions before using any pesticide. 
 
Repellents 

 
When used properly, insect repellent can discourage biting insects from landing on 
treated skin or clothing.  The most common chemical used in commercial repellents is 
N, N-diethyl-3-methylbenzamide (DEET).  Repellents containing ethyl hexanediol are 
also available.  DEET is the most effective and best studied insect repellent currently on 
the market.  It is sold under various trade names (Off, Deet, Cutter, etc.) and is available 
in 5%-100% concentrations in multiple formulations, including solutions, lotions, creams, 
gels, aerosol and pump sprays, and impregnated towelettes. 
 
Products with 10-35% DEET will adequately protect an individual.  The American 
Academy of Pediatrics recommends 10% or less of DEET be used on children.  
Persistence and effectiveness of the repellent varies with environmental conditions, the 
individual, and species of mosquito.  Individuals must determine the length of time a 
repellent application is effective and repeat treatment when necessary.   
 
Repellents can also be applied to clothing.  Clothing treated with repellent will usually 
remain effective for periods of time longer than treated skin.  Some repellent 
formulations may soften or dissolve paint, varnishes, and plastics such as watch 
crystals and eyeglass frames.  Leather and synthetic fabrics like rayon and spandex 
may also be affected deleteriously. 
 
The EPA recommends the following precautions when using insect repellents: 

 
1. Repellents should be applied only to exposed skin and/or clothing (as 

directed on the product label).  Do not use under clothing. 
 
2. Never use repellents over cuts, wounds, or irritated skin. 
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3. Don’t apply to eyes and mouth, and apply sparingly around ears.  When 
using sprays do not spray directly onto face.  Spray on hands first and 
then apply to face. 

 
4. Do not allow children to handle these products, and do not apply to 

children’s hands.  When using on children, apply to your own hands 
and then put it on the child. 

 
 
5. Do not spray in enclosed areas.  Avoid breathing a repellent spray, and 

do not use it near food. 
 
6. Use just enough repellent to cover exposed skin and/or clothing.  

Heavy application and saturation is unnecessary for effectiveness.  If 
biting insects do not respond to a thin film of repellent, apply a bit more. 

 
 
7. After returning indoors, wash treated skin with soap and water or bathe.  

This is particularly important when repellents are used repeatedly in a 
day or on consecutive days.  Also, wash treated clothing before 
wearing it again. 

 
8. If you suspect that you or your child is reacting to an insect repellent, 

discontinue use, wash treated skin and then call your local poison 
control center.  If/when you go to a doctor, take the repellent with you. 

 
 
9. You and your doctor can get specific medical information about the 

active ingredients in repellents and other pesticides by calling the 
National Pesticide Telecommunications Network (NPTN) at 1-800-858-
7378.  NPTN operates from 9:30 a.m. – 7:30 p.m. (EST) seven days a 
week. 

 
Insect Electronic Devices 

 
Numerous devices are available for purchase that claim to attract, repel or kill outdoor 
infestations of mosquitoes.  Most of these devices are ineffective and they should be 
thoroughly researched before being purchased.  Insect electronic devices (bug zappers) 
utilizing ultraviolet light as an attractant have been shown to be ineffective in reducing 
outdoor populations of mosquitoes or their biting activity.  Moths, flies, and other insects 
are attracted to the ultra violet light used in most of these units.  The sparks and 
zapping sounds are impressive.   
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Plant-Derived Repellents 

 
Thousands of plants have been tested as potential insect repellents, but only a few 
have shown insect repellency.  Citronella is the most commonly marketed plant-derived 
insect repellent.  Few studies have compared citronella and DEET products, but in one 
study a 1000-fold higher concentration of citronellol (one of the active chemicals in 
citronella oil) was required to achieve a similar DEET effect.  Garlic oil has been said to 
have repellent properties. 
 
 
Larval Mosquito Control 
 
By eliminating or treating mosquito-breeding areas, individuals can impact the number 
of mosquitoes in and around their homes. 
 
Some mosquitoes have limited flight ranges and may fly only a few hundred feet from 
their breeding areas.  One such mosquito, Culex pipiens, a vector of St. Louis 
Encephalitis and West Nile Virus, breeds extensively in water and water containers 
around houses and is commonly known as the northern house mosquito.  Every effort 
should be taken to eliminate standing water that may support mosquito breeding.  Some 
suggested activities are as follows: 
 

9 Eliminate all extraneous items from your yard like tin cans, jars, bottles, old 
tires, oil drums, old appliances, or any item that will catch and hold water. 

9 Repair any leaky pipes or outside faucets. 
9 Change the water in birdbaths at least once each week. 
9 Root or grow outdoor plants in sand or soil instead of only water. 
9 Empty and clean children’s wading pools at least once each week. 
9 Empty and refill pet watering containers daily. 
9 Cover trash containers/garbage cans to prevent accumulation of rainwater. 
9 Keep eaves troughs clean and free of leaves and other debris and check 

frequently. 
9 Fill in tree rot holes and hollow stumps with sand or concrete. 
9 Stock ornamental garden ponds with mosquito eating minnows and keep 

vegetation, which protects mosquito larvae, trimmed from the edge of the 
pond. 

9 Store boats/canoes covered or upside down so they will not collect and hold 
rainwater. 

9 Drain or fill any low places in your yard where water collects and stands for 
more than five to seven days. 

9 Ensure that roadside ditches or other drainage ditches are kept free of 
vegetation or other debris that would cause them to hold water and prevent 
proper drainage.  Particular attention should be given to driveway culverts.  
See that water does not stand inside or near the ends of the culvert. 
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9 Be sure that all permanent water containers such as wells, septic tanks, 
cisterns, water tanks, and cesspools are tightly covered and insect proof. 

9 Inspect septic drain fields.  They must not fail and allow septic water to 
accumulate on the ground surface. 

9 Screen rain barrels so adult females cannot oviposit there. 
 
Marshes, swamps, and other standing water on individual properties should be 
considered for draining and filling when they are not significant wildlife habitats.  If it is 
determined that these areas are beneficial wildlife habitats, mosquito larval control using 
approved biological or chemical materials can be performed.  Information on these 
materials and their proper use may be found elsewhere in this manual or by contacting 
your local health department or cooperative extension agency. 

 
Adult Mosquito Control 

 
Although elimination of larval breeding areas and larval control efforts around the house 
will decrease a great number of mosquitoes, some species have flight ranges of from 
one to several miles and may present a biting problem in and around your home.  Since 
there may be a continuous reinfestation of adult mosquitoes from breeding areas some 
distance away, adult control (killing) activities are usually temporary and may require 
repeated application. 
 
Most adult mosquitoes require and seek cool, dark, damp areas to rest during the day.  
By eliminating the availability of such areas on your property, adult mosquitoes cannot 
find suitable places to rest and will seek resting places elsewhere.  This may help in 
reducing the number of biting mosquitoes on your property.  Mosquito resting areas can 
be eliminated in the following ways: 
 

9 Keep grass cut short at all times. 
9 Cut and remove weeds and brush from yards and adjacent vacant lots. 
9 Trim trees and shrubs to allow light and air underneath and/or between plants 

and structures. 
9 Screen or tightly close outbuildings. 
9 Stake brush or garden vine vegetables, fruits or ornamentals. 
9 Store firewood, lumber or other materials on racks 10-12 inches above the 

ground and at least 12 inches away from any structure. 
9 Screen or otherwise close off mosquito access underneath or into the attics of 

all structures.  Pay particular attention to basement, cellar, or other 
underground areas. 

9 Eliminate hollow trees and fill tree rot holes and hollow stumps with sand or 
cement. 

9 Fill in animal burrows or holes in the ground and kill rats, moles, and gophers, 
to prevent new burrows.  Mosquitoes use such burrows as resting places. 

9 Be certain that wells, cisterns, septic tanks, cesspools, water tanks, etc., are 
tightly covered and insect proof. 
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Under certain circumstances, such as planned outdoor parties or similar activities, 
insecticide spraying for adult biting mosquitoes may be advisable.  There are several 
small hand held “patio” type foggers as well as canned aerosol foggers on the market 
that are suitable.  One must remember that these applications are temporary and 
usually kill only those mosquitoes that are flying in the area at the time.  Therefore, 
applications are most effective when applied at the time mosquitoes are most active, 
during twilight.  Applications made earlier may kill some resting mosquitoes in the area.  
However, if the sprayed space is relatively small, infiltration of mosquitoes from outside 
the area may still present a significant biting problem.  Residual type insecticides 
applied to shrubs, trees, and brush near the home will remain effective for several days 
and will kill mosquitoes that rest there.  Follow label directions. 

 
Integrated Mosquito Management by Organized Districts 

 
General 

 
The most effective mosquito management and control strategy is an organized program 
under the direction of an entomologist or other qualified expert.  These programs are 
based on sound biological, physical, and chemical data and the integration of the best 
and latest techniques and material.  The goal is the mitigation and control of mosquitoes 
while preventing any adverse effects on humans, wildlife, or the environment.  The 
scope of this manual cannot address adequately all of these areas in depth.  However, 
some areas for consideration are described in this section. 
 
Physical Management for Mosquito Control 
 
Environmental manipulation involving land, water, and physical characteristics such as 
draining, filling, ditching, and water management are the most effective and permanent 
methods to reduce the occurrence of mosquitoes.  Initial costs for these projects are 
usually high, but the permanent effect of these measures reduces or eliminates the 
need for temporary annual mosquito control activities, and is often the most cost 
effective over time. 
 
Drainage for Mosquito Control 

 
Drainage is used to eliminate standing water that serves as mosquito larval habitat.  
This method may be applied to various sizes of standing water areas, from a few square 
feet to several hundred acres.   
 
Agricultural contour draining is an accepted practice to prevent erosion and standing 
water from damaging crops and to allow better access for tillage.  Many areas of 
standing water are man made by earth moving activities during construction, mining, 
quarrying, etc.  Draining dries up these areas.  Drainage concepts are also used 
extensively to remove water from streets and highways throughout the country.  
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When drainage is considered for swamps, marshes, and other larger bodies of water, 
consideration must be given to effects on wildlife and the natural environment.  In 
Michigan, drainage, as well as filling projects, which can affect the natural environment, 
may be subject to the Goemaere-Anderson Wetland Protection Act for which the 
Department of Natural Resources has jurisdiction. 

 
Ditching for Mosquito Control 

 
Ditching of one type or another is usually involved in all drainage projects.  Many 
different types, sizes, and construction methods and materials are used in making 
ditches.  Proper selection to match the objectives of the project is very important. 
 
A properly constructed ditch should include the following characteristics: 
 

1. Ditch should be of sufficient size and grade to carry peak loads of water 
yet maintain a flow at low water levels and not allow standing water. 

2. Ditch should be constructed in a shape and of materials that resist 
erosion. 

3. Ditch should require minimal maintenance. 
4. Ditch should deliver water to a suitable area. 
 

Improperly constructed and poorly maintained ditches are common throughout 
Michigan.  These ditches hold water and provide large mosquito breeding habitats.  
Organized mosquito control programs spend much time controlling mosquito breeding 
in ditches.  Wide deep ditches have been used in large marsh areas to collect and lower 
the water level.  Fish, waterfowl and other wildlife can use these open water areas that 
are less conducive to mosquito breeding. 
 
Filling for Mosquito Control 

 
Filling is used to raise the level of soil up to grade so that proper run-off of water occurs 
and standing water that provides mosquito larval habitat is eliminated.  This is a useful 
technique for small depressions, vehicle ruts, depressions left by up-rooted trees, etc.  
Often these small jobs may require the use of heavy equipment.  Filling and grading 
activities in conjunction with construction projects will prevent standing water. 

 
Water Management for Mosquito Control 

 
Although draining and filling may be considered water management, these terms 
usually refer to management of water levels in man made reservoirs.  Raising and 
lowering water levels in concert with the biology and habits of mosquitoes and aquatic 
weeds that provide protection from predators for mosquito larvae can reduce mosquito 
populations significantly. 
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During periods of heavy rainfall, dams hold back water to prevent flooding downstream.  
This increase in lake level often causes flooding of the eggs laid in the soil by floodwater 
Aedes and Ochlerotatus species.  Many of these eggs may hatch.  However, dropping 
the water level before the larvae can mature will remove water from their breeding area 
and they will die.  If they fall with the lowering water level, they may be exposed to fish 
and other predators.  Anopheline species which may breed in the weed protected 
backwaters can also be controlled by dropping the water level at various times.  This 
may also serve to control many of the aquatic weeds that provide protection for 
developing larvae. 
 
Biological Management and Control of Mosquitoes 
 
Mosquito Pathogens 

 
 There are many bacterial, fungal, and viral pathogens, which attack or kill 
mosquito larvae.  Of these, the bacteria Bacillus thuringiensis var. israelensis is widely 
available commercially and is used extensively in organized mosquito control programs.  
Since it is a biological product, it affects only mosquitoes and related insect species and 
is completely environmentally friendly.  It is sold under trade names such as “VectoBac”, 
“Aquabac”, “Teknar” and others.  It is usually formulated as a granular or liquid and is 
applied to larval breeding areas at recommended dosages using standard type spray 
equipment.  Another naturally-occurring bacteria commonly used to control mosquitoes 
is Bacillus sphaericus.  Sold under the trade name “Vectolex”, it is used for control of 
Culex and other mosquitoes and works especially well in richly organic systems. 
 
Mosquito Growth Regulators 

 
 In general a mosquito growth regulator is a chemical that is similar to the juvenile 
hormone of the mosquito.  When the material is applied to water breeding areas and 
taken up by the larval mosquito, it induces physiological changes that interfere with 
normal development.  Simply stated, the excess of the juvenile hormone does not allow 
the larvae to develop and emerge as an adult.  The larvae are not immediately killed but 
their development is stopped and physiological changes resulting in malformation 
eventually cause death of the immature form.  The most widely available material is 
methoprene, which is commercially marketed under the trade name “Altosid”.  Since this 
material is biological in effect, it is very specific for mosquitoes and related Diptera, and 
is non-toxic to vertebrate animals, posing low mammalian toxicity.  The material is 
formulated as a suspension, impregnated on sand, or formed into pellets or briquets.  
Hand or vehicle-mounted sprayers apply the suspension; the sand by hand, vehicle- or 
aircraft-mounted spreaders, and the briquets and pellets are applied by hand.  
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Mosquito Parasites 

 
There are several parasites, including nematodes and protozoa, which attack mosquito 
larvae.  Mermithid nematodes have worldwide distribution, and under ideal conditions 
they may parasitize as high as 80 percent of the natural mosquito population.  They 
have been reared and introduced into breeding areas and proven to provide excellent 
control of mosquitoes.  However, since the nematode must be reared in live 
mosquitoes, the cost of production thus far has prevented commercial development of 
this as well as most other parasites.  These parasites are very important in reducing the 
number of surviving mosquitoes in nature. 
 
Mosquito Predators 

 
There are large numbers of predators of mosquitoes.  Spiders, mites, dragonflies, and 
other insects, birds, frogs, and bats eat adult mosquitoes.  Other invertebrates such as 
water beetles, beetle larvae, dragonfly larvae, water spiders, mites, flatworms, 
copepods, other mosquito larvae, and several species of fish eat mosquito larvae.  Only 
a few of these have been manipulated to provide greater control than would occur 
normally in nature.  The most popular and widely used activity is the practice of 
providing birdhouses to attract the purple martins to nest near our homes.  These birds 
feed on mosquitoes as well as other flying insects, but their effectiveness in mosquito 
control is negligible.  In organized mosquito control programs, except for some very 
limited use of the predatory mosquito larvae of the genus Toxorhynchites, only top 
feeding minnows have been used extensively.  Although the native guppy Legister 
reliculatus has been utilized, the South American minnow, Gambusia affinis is the most 
widely used.  These minnows are available commercially and are used by introducing 
them into ponds and certain other permanent bodies of water where they feed on 
mosquito larvae.  Because they are top feeding, they may fall prey to other larger fish 
and therefore are not suitable for use in all waters.  Although there are some cold 
resistant strains reported, these tropical fish usually will not survive in Michigan during 
years of severe prolonged cold winters and therefore must be reintroduced each spring.  
At least one private pest control company in Michigan, Advanced Pest Management, 
uses Gambusia affinis in its control arsenal. 
 
Sterilization in Mosquito Control 

 
This technique involves rearing certain species of mosquitoes, sterilizing the male 
mosquitoes and releasing them in the wild population.  The female mosquito usually 
mates only once and stores sperm in a special organ (spermatheca).  The sperm stored 
in the spermatheca then fertilizes eggs produced throughout the life of the female 
mosquito.  When this female mates with a sterile male the female then lays infertile 
eggs.  This technique has been demonstrated to be effective in reducing populations of 
malaria mosquitoes in some limited isolated areas of Central America.  However, due to 
several limitations, including cost effectiveness, this method is not widely used. 
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Genetics in Mosquito Control 
 
Genetic manipulation has been an area of considerable research for several years.  It 
has shown promise for some disease and/or population controls; however, none are in 
general use at this time. 
 
Chemicals for Mosquito Control 
 
Introduction 

Ecological and environmental concerns have emphasized the need for integrated 
mosquito control programs.  An integrated approach to mosquito control involves 
accurate and complete assessment of the problem, the employment of control 
measures that are best suited to the specific situation, and include any one or a 
combination of physical, biological, or chemical techniques. 
 
In many situations, the application of an insecticide is necessary to achieve acceptable 
control.  The U.S. Environmental Protection Agency (EPA) and the Michigan 
Department of Agriculture (MDA) regulate insecticides, as well as the persons 
responsible for the application of the insecticides.  The EPA classifies all insecticides as 
either general use or restricted use products.  The classifications are based upon the 
level of training necessary for an individual to use the product safely, based upon 
environmental and health considerations.  Only persons who are certified by the MDA 
may apply restricted use pesticides.  Further, all pesticides sold in Michigan must be 
registered by the EPA and by the MDA.  To gain EPA registration, the product 
manufacturer must show that the product can be used for its intended purpose and in 
accordance with its directions for use without presenting any undue hazards to health or 
the environment. 
 
The EPA, in light of use experiences and improving technology, is continually reviewing 
registered products.  If unacceptable hazards are identified, the product’s registration is 
revoked or site and use directions are altered to eliminate the hazard.  Insecticides like 
many other products such as household cleaners, drugs, medications, firearms, and 
automobiles, can with improper use produce accidents.  They may also be misused 
intentionally.  In these cases all may be hazardous to health.  When used responsibly, 
however, they can all be of great benefit.  Always follow directions for application and 
use carefully. 
 
Irresponsibility cannot be legislated away.  However, when mosquito control activities 
are undertaken by governing agencies such as cities, townships, counties, or 
cooperating districts, professionally trained, responsible individuals can be selected to 
manage the program and thus minimize accidents and prevent misuse of insecticides.  
The responsible manager seeks counsel with competent conservationists, 
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environmentalists, fish and game specialists, biologists, and others before initiating 
control measures in areas where delicate ecosystems could be disrupted. 
 
Larval Mosquito Control 
 
 Mosquito control should focus on the larval stage since treatment at this time is 
truly preventive.  This stage in the mosquito life cycle is confined to water and is easier 
to treat than the adult stages.  Mosquito larvae are generally more vulnerable to control 
measures than the adult. 
 
 Larval breeding may be controlled by physical means such as draining, filling, or 
water level management.  Biological methods may be effective using predatory fish, 
bacterial toxins, or growth regulators.  If these methods are not feasible, chemical 
controls may be required. 
 
 Larval control is of primary importance in areas where disease-carrying 
mosquitoes abound, particularly where there is excessive flooding following natural 
disasters or prolonged rainy seasons.  The degree of success in larval control, the 
chemical and formulation of larvicides and the method and rate of application is 
dependent upon various environmental and physical conditions.  These conditions 
include, but may not be limited to, the following: 
 

9 The target mosquito species 
9 Type of habitat (i.e., permanent or temporary marsh, pool, pond, intermittent 

stream, flood water, artificial container, polluted or clean water, etc.) 
9 Size of area to be treated 
9 Current and forecasted weather conditions 
9 Water depth and/or movement of water 
9 Organic content and pH of the water 
9 Type and amount of emergent vegetation or vegetative cover 
9 Non-target invertebrate population 
9 Vertebrate population 
9 Potential for adverse environmental impact 
9 Domestic use of water 
9 Proximity to populated areas 
9 Proximity to other sensitive areas 
9 Applicable regulations and laws 
9 Concerns for public health, including imminent disease threats to the public 
9 Level of control which is acceptable 
9 Resources available (i.e., equipment, personnel, funds) 
9 Toxicity or hazards of larvicides 
9 Use experiences with various materials and formulations 
9 Anticipated number and frequency of treatments 
9 Assessment of the probability of success and cost benefit ratio of method 
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These and other conditions must be considered in the preplanning stage as well as the 
operational stage of any control program.  The scope of this manual does not allow a 
detailed listing of considerations involved for all conditions.  Rather, this manual 
stresses the desirability of having professionally qualified and experienced managers to 
direct mosquito control programs. 

 
The manufacturers of mosquito larvicides produce a variety of formulations designed to 
meet some of the demands imposed by the various biological, environmental, and 
physical conditions specific to effective larval control. 

 
These formulations and specifically designed products include the following:  liquids, 
emulsions, suspensions, wettable powders, water dispersible granules, solutions, 
surface films, capsules, briquets, pellets, granules, and other carriers such as sand, 
ground corn cobs, and recycled material.  Carriers used in some of the bacterial toxin 
formulations which must be ingested by the mosquito to be toxic may actually provide 
nutrients to other aquatic organisms which are unaffected by the toxin.  Formulations 
often include other materials to enhance mixing, sticking, emulsion, spreading, release 
rate, reduction of water surface tension, etc., to improve specific actions of the product. 

 
The various formulations allow the manager to select a product to meet varying 
conditions and needs.  These needs may include:  mixing well with the water, not mixing 
with the water but forming a surface film, penetrating vegetation cover, short or long 
release or effectiveness times, and floating or sinking carriers. 

 
The EPA evaluates and registers (licenses) pesticides to ensure they can be used 
safely.  These pesticides include products used in the mosquito control programs which 
states and communities have established.  To evaluate any pesticide, EPA assesses a 
wide variety of tests to determine whether a pesticide has the potential to cause 
adverse effects on humans, wildlife, fish and plants, including endangered species and 
non-target organisms.  The chemical larvicides that are registered and generally used 
include: 

 
9 Bacillus thuringiensis var. israelensis (Bti) (Teknar, VectoBac, Aquabac) 
9 Bacillus sphaericus (B.s.) (VectoLex) 
9 Temephos (Abate®) 
9 Oils (Golden Bear-1111, Bonide, or BVA2) 
9 Monomolecular surface film (Arosurf MSF or Agnique MMF) 
9 Methoprene (Altosid) 
 

This list is for information and is intended only as a guide.  It may not include all 
registered chemicals nor does it imply that those listed are registered beyond the date 
of this publication.  The use of proprietary or brand names is for example only and does 
not constitute endorsement of any product.  All insecticide products must be used in 
accordance with label directions.  Larval control must be based upon a complete and 
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accurate assessment of the particular situation including frequent and recent larval 
study data. 

 
Adult Mosquito Control 

 
The purpose of adult mosquito control is to reduce the numbers of biting female 
mosquitoes to a level where they no longer present a nuisance or a disease threat.  
This will improve the health and quality of life in the given area. 

 
The use of aerosol insecticides for adult mosquito control is instituted only when 
mosquito surveys and/or disease monitoring indicate the need.  In order to kill the adult 
mosquito the aerosol must be applied so that it contacts the mosquito. 

 
Except for limited use of indoor aerosols and use of some residual sprays in and around 
the home under certain circumstances, adult mosquito control is usually done on an 
area basis using fog or fine mist applications.  There is an array of commercial 
equipment on the market designed for this type of application.  There are types suitable 
for hand carrying and for mounting on wheel vehicles, boats, or aircraft. 

 
With ground equipment, the direction of movement of the small particles is dependent 
largely upon existing air current (wind).  The material must be released upwind from the 
area to be treated.  This often presents a problem of adequate coverage with wheel-
mounted equipment when road or street networks are limited.  In these cases, all terrain 
vehicles or hand carried equipment may be used.  Strong winds (above 8-12 mph) may 
dissipate and move the material through the area too rapidly to be effective.  Rising 
thermal currents may lift the material above the area. 

 
Fog and mist applications are most effective when mosquitoes are flying.  Therefore, 
application should take place during times of changing light intensity at dusk and early 
evening and at dawn.  Some species of mosquitoes are active most of the night.  Most 
species, however, become less active one to three hours after sunset. 
 
When applying insecticides with ground equipment, the degree of control success, the 
chemical and equipment to be used and the approach to application is dependent upon 
various environmental and physical conditions.  These conditions include, but may not 
be limited to the following: 

 
9 The major target mosquito species, its biology and habits 
9 The timing of application of flight habits 
9 Wind speed and direction 
9 Temperature (i.e., rising thermal currents or temperature inversion) 
9 Size, location and character of the area to be treated, including the following 

considerations 
o Urban, suburban, rural 
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o Obstructions and density of obstructions (buildings, trees, shrubs) 
o Time required to cover area vs. equipment needed 
o Identified locations which will not be sprayed 

9 Current or forecasted weather conditions 
9 Insecticide to use 
9 Rate of application 
9 Calibration of equipment for proper droplet size 
9 Frequency of retreatment 
9 Environmental considerations 
9 Pre and post treatment surveillance 
9 Public information 

 
These and other conditions must be considered in the preplanning stage, as well as the 
operational stage.  Features such as the rate of application (0.5 to 3.0 ounces per acre), 
the small droplet sizes (5 to 27 microns with the average less than 17 microns), readily 
degradable chemicals, and time of day of application are designed into this type of 
application to provide the most effective kill of adult mosquitoes with the least effect on 
the environment.  The small droplets are designed to impinge on the fine hairs on the 
mosquito body.  Further, the size of the droplet and the amount of chemical in each is 
calculated to provide a minimum lethal dose to a mosquito.  Flying insects larger than a 
mosquito upon which a droplet may impinge would not usually receive a lethal dose.  
EPA-registered adulticides do not pose unreasonable risks to insects that are not flying 
at the time of the application as well as other invertebrates and vertebrates, including 
wildlife and pets.  Most beneficial insects such as honeybees do not fly at night and are 
in some resting area not exposed to the spray.  The chemicals used degrade rapidly 
and the small droplet size further enhances this degradation.  Therefore, there is little, if 
any, residue remaining after a few hours. 

 
During special circumstances such as potential outbreaks, actual disease epidemics, or 
following some natural phenomenon or disaster that results in large populations of 
mosquitoes, it may be necessary to treat large areas as quickly as possible.  In these 
cases, aerial spraying may be warranted.  The professional in charge makes decisions 
relative to aerial spraying after thorough investigation and consultation. 
 
Although the ultra low volume (ULV) mist equipment has replaced the thermal fog type 
equipment for most uses, there are thermal fog units still in use. 
 
The EPA evaluates and registers (licenses) pesticides to ensure they can be used 
safely.  These pesticides include products used in the mosquito control programs that 
states and communities have established.  To evaluate any pesticide, EPA assesses a 
wide variety of tests to determine whether a pesticide has the potential to cause 
adverse effects on humans, wildlife, fish and plants, including endangered species and 
non-target organisms.  Chemicals registered for use in adult mosquito control include 
those on the following list: 
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Malathion (Fyfanon and Atrapa) 
Permethrin (Biomist) 
Sumithrin (Anvil) 
Chlorpyrifos 
Resmethrin (Scourge) 
Fenthion 
 
This list is for information and is intended as a guide only.  It may not include all 
registered chemicals.  It does not imply that those listed will continue to be registered 
beyond the date of this publication.  The use of proprietary or brand names is for 
example only and does not constitute endorsement of any product.  All insecticide 
products must be used in accordance with the label directions.  Application of 
insecticides for adult mosquitoes must be based upon a complete and accurate 
assessment of the situation. 
 
 
Companies Offering Mosquito Control Products and Commercial Services 
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Company Contact Address Phone/FAX Web/E-Mail Products/Se
rvices 

Accurate 
Safety 
Distributors, 
Inc. 

Dennis 
Peden 
 

10320 N. Thor Dr. 
Freeland, MI  
48623 

(989) 695-6446 
FAX (989) 695-
2543 

asd@mindne
t.org 

Safety & 
Application 
Equipment 

Adapco, Inc. Jason Scott 409 W. Ells 
Avenue 
Champaign, IL  
61820-6427 

(877) 881-6105 
FAX (217) 356-
1349 

www.e-
adapco.com, 
jscott@e-
adapco.com 

Larvicides, 
Adulticides, 
and 
Application 
Equipment 

Advanced 
Pest 
Management 

Greg Seago P.O. Box 125  
Fenton, MI  48430 

(810) 750-1645 
 

 Application 
Services 

Al’s Aerial 
Spraying 
 

Albert  & 
Michael 
Schiffer 

3473 N. 
Shepardsville Rd. 
Ovid, MI  48866 

(989) 834-5067 
FAX (989) 834-
5098 

 Aerial 
Larviciding/ 
Adulticiding 

Aventis 
Environment
al Science 

Peter 
Connelly 

95 Chestnut Ridge 
Road 
Montvale, NJ  
07645 
 
 

(201) 307-9700 
FAX (201) 307-
3438 

www.aventis.
com 

Adulticides 

BVA Oils Bob Vincent 
 

P.O. Box 930301, 
48845 West Rd. 
Wixom, MI  48393-
0307 

(800) 231-3376 
FAX (248) 348-
2684 
 

www.bvaoils.
com, 
rmv@bvaoils
.com 
 

ULV & 
Larvicide Oil 

 
Certis USA 

 
Dave 

 
1703 Delaney  

 
(317) 887-9797 

 
www.certisus

 
Larvicides 

mailto:asd@mindnet.org
mailto:asd@mindnet.org
http://www.e-adapco.com/
http://www.e-adapco.com/
mailto:jscott@e-adapco.com
mailto:jscott@e-adapco.com
http://www.aventis.com/
http://www.aventis.com/
http://www.bvaoils.com/
http://www.bvaoils.com/
mailto:rmv@bvaoils.com
mailto:rmv@bvaoils.com


McManama 
 

Indianapolis, IN  
46217 

FAX (317)859-6200 .com 

Clarke 
Mosquito 
Control 
Products 

Willie Cox & 
J. Lyell 
Clarke, III 
 

159 N. Garden 
Avenue 
Roselle, IL  60172 
 

(800) 323-5727 
FAX (800) 832-
9344 

www.cmosqu
ito.com 

Larvicides, 
Adulticides, 
Surveillance, 
Application 
Services & 
Equipment 

Curtis Dyna-
Fog 

Mike 
DeLara 

17335 US 32 
North 
Westfield, IN  
46074 

(317) 896-2561 
FAX (317) 896-
3788 

dyna-
fog@inquest.
net 
 

Application 
Equipment 

Hatfield 
Spraying 
Service, Inc. 
 

William 
Hatfield 

P.O. Box 8, 18155 
120th St. 
Nunica, MI  
49448-9761 

(800) 632-0087 
 

 Aerial 
Larviciding/A
dulticiding 

Insectech Zohair 
Mohsen 

P.O. Box 970852 
Ypsilanti, MI 
48197 

(734) 487-7024  Mosquito 
Pest 
Management
, Larviciding, 
Adulticiding. 

Ray 
Meesseman 
Company 

Ray 
Meesseman 

46324 Fairwind 
Drive 
Macomb, MI  
48044-3520 

(877) 848-7600 
FAX (586) 263-
7676 
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Surveillance for Mosquito-Borne Encephalitis Viruses 

 
Overview 

 
Public health agencies and mosquito control programs may choose to implement 
programs for surveillance for mosquito-borne encephalitis viruses.  The purpose of such 
programs is to detect the presence of mosquito-borne encephalitis viruses in a given 
locality; to monitor the intensity of transmission of mosquito-borne viruses in their 
vectors and vertebrate hosts, as an indication of the potential for transmission to 
humans or domestic animals; and to monitor for epidemic or epizootic potential on the 
basis of defined thresholds or indicators.  A surveillance program encompasses both 
field and laboratory activities, and generally requires multidisciplinary activities, 
coordination, administration, interagency networking, and funding. 

 
Background on mosquito-borne viruses 
 
The term arbovirus is a contraction of "arthropod-borne virus" and has no taxonomic 
meaning.  There are more than 520 viruses associated with arthropods and  registered 
in the International Catalogue of Arboviruses, but somewhat less than half have biologic 
relationships with mosquitoes, and about 100 infect humans or domestic animals. The 
most important mosquito-borne viruses causing human illness belong to 4 genera in 3 
families: the Togaviridae, genus Alphavirus; the Flaviviridae, genus Flavivirus; and the 
Bunyaviridae, genera Bunyavirus and Phlebovirus.  These terms have replaced 
categories in the older arbovirus literature, i.e., group A viruses for the alphaviruses, 
group B for the flaviviruses, and Bunyamwera Supergroup for the bunyaviruses.  Some 
of the arboviruses infect both humans and domestic animals and cause disease in both.  
It is now common vernacular for mosquito-borne encephalitis viruses to be referred to 
by their family names, for example, “eastern equine encephalomyelitis virus is an 
alphavirus.”  Probably, the term “arbovirus” should be dropped in lieu of the terms 
alphavirus, flavivirus, bunyavirus, and phlebovirus. 

 
The mosquito-borne viruses are classified on the basis of the organization of their RNA 
genomes, their morphology, and how they react in panels of immunologic assays such 
as neutralization tests.  They also may be viewed in terms of the kind of disease 
symptoms they cause.  In humans, generally speaking, the mosquito-borne viruses may 
cause no infection at all after the virus is delivered by mosquito-bite; cause infection 
with no apparent symptoms; or cause acute disease of either systemic febrile illness 
(fever), encephalomyelitis (inflammation of the brain and spinal cord), hemorrhagic fever 
(bleeding and fever), or febrile myalgia and arthralgia (fever with muscle and joint pain, 
or arthritis).  The case mortality (fatality) rate tends to be low for those viruses that 
cause myalgia or arthralgia and fevers, although morbidity (illness) may be high.  For 
the viruses that cause encephalitis or hemorrhagic fevers, morbidity and mortality may 
range from low to high, depending upon the virus and factors such as age.  After the 
acute phase, humans either die, recover fully or recover from illness but show various 
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sequelae, such as neurological problems after acute encephalitis.  Long-term, chronic 
infection with the mosquito-borne viruses does not occur in humans, although the 
consequences of infection may be long lasting. 

 
The mosquito-borne viruses are generally classified hierarchically as follows: 
serogroup, complex, type, subtype, and variety.  The word strain is used to refer to 
different viruses of the same variety that were isolated from different locations or 
different biologic sources, or that show minor differences in antigenicity or genotype but 
not enough to justify elevating them to the varietal level.  For example, Altamont virus is 
an eastern New York State strain of the virus variety La Crosse, which is a subtype of 
California encephalitis virus in the California encephalitis virus complex of the California 
serogroup in the genus Bunyavirus, family Bunyaviridae. 
  
TOGAVIRIDAE (ALPHAVIRUS) 
 
The Togaviridae, genus Alphavirus, contains 7 antigenic complexes of viruses involving 
many types, subtypes, and varieties distributed worldwide.  Many of these are medically 
important and many but not all are associated with mosquito transmission. A discussion 
of the following alphaviruses is relevant to Michigan. 
 
Eastern equine encephalomyelitis (EEE) virus.  This virus is distributed in South 
America, Central America, the Caribbean basin, and eastern North America.  Analyses 
of geographic strains of EEE virus have revealed 2 varieties, South American and North 
American/Caribbean.  The virus has been isolated from many different states in the 
United States, but most cases of human or equine disease are in coastal states from 
Massachusetts to Louisiana, an area of upstate New York near Syracuse, a swamp 
focus in east-central Ohio, and southern Michigan and part of northern Indiana.  EEE 
virus has recently been active in northwestern Wisconsin as well. 

 
Eastern equine encephalomyelitis virus is one of the most pathogenic among all of the 
mosquito-borne, encephalitis-causing viruses.  In humans, disease caused by EEE 
virus infection results in high morbidity and mortality. The type and severity of illness in 
humans depends upon the age and health status of the individuals.  Children, the 
elderly, immunocompromised individuals, and sometimes apparently healthy adults 
develop acute encephalitis with high fever, drowsiness, lethargy, vomiting, convulsions, 
and coma.  Mortality rates among clinical cases exceed 50%.  Individuals who survive 
infection often show neurologic sequelae, although some survivors recover completely, 
sometimes showing rapid and dramatic improvement from coma. 

 
In the eastern United States, EEE virus occurs in a bird-mosquito enzootic cycle in 
swamps that support the biology of the enzootic vector, Culiseta melanura.  The 
swamps comprising EEE foci are characterized in the northern distribution of its range 
by northern white cedar, black spruce, tamarack, or red maple trees, typical of swamp 
or bog ecosystems.  Larvae of Cs. melanura occur in water-filled cavities underneath 
raised tree hummocks, water-filled depressions formed by uprooted trees, and in holes 
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in bog mats.  Adults feed on birds in the swamp and may leave swamps for open areas 
to locate hosts, returning later to oviposit. Culiseta melanura females are highly efficient 
vectors of EEE virus and transmit it primarily to swamp-dwelling passeriform birds.  
More than 48 species of wild, native birds have shown evidence of infection. The 
mechanism of overwintering of EEE virus is unknown.  Recent studies in New Jersey 
indicate that the virus may recrudesce in resident birds in the spring, whereas other 
studies incriminate reptiles as overwintering hosts.  Still other scenarios suggest that 
this virus is introduced by migrating birds from southern regions where viral 
transmission may occur year-round. 

 
 In some summers, for reasons possibly related to weather patterns and density 

of bird and mosquito hosts, EEE virus in its enzootic swamp setting becomes amplified 
to high levels so that epizootics and epidemics develop.  Certain mosquito species 
function as bridge vectors, especially Aedes sollicitans in coastal areas and 
Coquillettidia perturbans in inland areas.  They acquire virus infection by feeding on 
viremic birds, later blood-feeding on mammals and transmitting the virus to them.  In 
Central and South America, EEE virus apparently circulates among rodents and birds 
through mosquitoes in the Culex (Melanoconion) group; however, the relationships 
among vectors and vertebrate hosts involved in enzootic, epizootic, and epidemic 
cycles of EEE virus in these regions are poorly known compared to North America. 

 
Epidemics and concurrent epizootics have been documented in the eastern United 
States since the 1930s, generally involving cases in horses, penned pheasants, and 
humans.  The virus was first isolated from brains of horses that died during a 1933 
epizootic along the eastern coast of the United States, in Virginia, Delaware, and 
Maryland.  Disease in humans was first recognized in 1938 in Massachusetts.  
Generally, outbreaks involve many horse cases and very few human cases.  Nearly all 
outbreaks involving human cases have occurred along the eastern coast of the United 
States.  From 1964 to 1995, a total of 151 human cases of EEE infection were reported 
in the United States, with an average of about 5 cases (range, usually 0 to 14) per year.  
The greatest number of human cases occurred in 1959, when 36 were documented, 
mainly in New Jersey.  Michigan has had several episodes of EEE in horses and 
penned pheasants, since the originally documented outbreak in 1942-1943.  These 
outbreaks show distinct focality in parts of southeastern and southwestern lower 
Michigan, in areas characterized by certain geological features such as glacial outwash 
and glacial ice contact zones.  The first human case of EEE documented in Michigan 
occurred in 1980 in southwestern Michigan in a young boy, ultimately culminating in 
death.  Additional cases occurred in 1991 (two cases), 1994 (two cases), 1995 (one 
case), 1997 (one case), and 2001 (one case).  Of these known 8 cases, 4 died as a 
result of infection. 
 
Western equine encephalomyelitis (WEE) virus.  This virus is a complex of 6 types 
and 6 subtypes.  All  are mosquito-borne, with the exception of Fort Morgan virus, 
which is associated with cliff swallows and their parasitic cimicid bugs (Oeciacus 
vicarius) in western North America.  The other viruses are widely distributed across the 
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high plains of the United States and Canada, in California, and through Central and 
South America.  The WEE virus type that occurs in North America has been responsible 
for acute encephalitis in horses and humans.  An apparently less pathogenic virus, 
Highlands J virus, is closely related to Fort Morgan virus, yet it exists in the same 
basic North American enzootic cycle as EEE virus.  Highlands J virus is the subtype of 
WEE virus that occurs in Michigan.  It is not pathogenic in people or horses.  WEE is 
extremely rare in Michigan, and the state should not be considered endemic for WEE in 
terms of disease in humans or horses.  From 1964 to 1995, a total of 639 human cases 
of WEE infection were reported in the United States, with an average of about 20 cases 
(range, 0-172) per year. 
 
Venezuelan equine encephalomyelitis (VEE) virus.  This is a complex of 12 viruses 
that cause disease in humans and equids (horses, burros, and mules) and occurs in 
northern South America, Central America and Mexico, occasionally extending into 
Texas (Walton and Grayson 1988).  These viruses exist as either enzootic or epizootic 
varieties and strains, with overlapping or disjunct geographic distributions and with 
variable vector and vertebrate-host relationships.  VEE viruses do not occur north of 
Florida and Texas and thus are not of concern to Michigan.  Both WEE and VEE are 
important to mention here even though they are not important disease-causing viruses 
in Michigan, because the trivalent encephalitis vaccine given to horses in Michigan 
includes these two viruses, as well as EEE virus.  Of course, the latter virus is important 
to Michigan, as the above discussion indicates. 
 
FLAVIVIRIDAE (FLAVIVIRUS) 
 
The Flaviviridae, genus Flavivirus, contains 8 antigenic complexes plus many 
unassigned viruses involving over 70 types, subtypes, and varieties distributed 
worldwide.  Some of these have mosquitoes as vectors while others are associated with 
ticks, rodents or bats.  The flavivirus diseases include some of the most dangerous and 
historically significant infections of humans.  Among them are yellow fever, dengue, 
Japanese encephalitis, St. Louis encephalitis, Murray Valley encephalitis, West Nile, 
and Ilheus viruses. 
 
Yellow fever (YF) virus occurs over broad portions of lowland equatorial Africa and 
South and Central America, either as isolated cases or epidemics.  In previous 
centuries, urban yellow fever affected subtropical and temperate regions of North 
America with devastating effects.  It remains a serious cause of mortality, particularly in 
village settings in tropical Africa, and is a constant threat in South America.  There are 
sporadic, annual cases and occasional epidemics in Africa and 50-300 cases of jungle 
YF annually in South America.  Yellow fever virus causes febrile, hemorrhagic disease 
in humans. 

 
Yellow fever epidemics have occurred in the New World over a period of 3 centuries, 
beginning in the mid 1600s.  Epidemics occurred in such places as Barbados and 
Trinidad (Caribbean), Havana (Cuba), Yucatan (Mexico), Guadeloupe (Caribbean), 
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Guayaquil (Ecuador); and in Charleston (South Carolina), Mobile (Alabama), Pensacola  
(Florida), and other areas of the United States as far north as Boston and New York.  In 
the 1700s and 1800s, epidemics continued in ports of tropical and temperate America, 
including an outbreak in Philadelphia (Pennsylvania) in 1793, where some 4,000 deaths 
occurred in a population of 55,000.  A large outbreak in Haiti in 1802 decimated the 
French military force there, causing Napoleon to abandon his New World ambitions, 
contributing to the Louisiana Purchase by the United States government.  New Orleans 
(Louisiana) had regular epidemics of YF from 1796 through 1905.  The shipping 
blockade enforced by the navy on the federalist side of the United States' civil war 
(1861-1865) prevented yellow fever in New Orleans during that period.  Probably, the 
blockade stopped importation of infected ship crews.  An epidemic in the Mississippi 
River valley in 1878, extending north as far as Gallipolis, Ohio, caused over 13,000 
deaths.  The last epidemic in the United States was in New Orleans in 1905, involving 
3,402 cases and 452 deaths. 

 
Yellow fever does not occur in Michigan and it is only of concern for travelers to 
endemic areas, and therefore is included in discussion here.  A vaccine is available.  
Travelers to tropical areas where yellow fever is endemic should consider becoming 
vaccinated well before their trip commences. 
 
There are four dengue virus serotypes called dengue 1, 2, 3, and 4.  The disease 
caused by these viruses in humans is either classic dengue fever (high fever, rash, pain 
in the joints and eyes) or the more severe disease forms called dengue hemorrhagic 
fever or dengue shock syndrome.  The current distribution of dengue viruses includes 
Southeast Asia, the South Pacific, the Caribbean Basin, Mexico, Central America, and 
South America.  However, epidemics of dengue have occurred elsewhere in the past, 
including the United States, Japan, Australia, Greece, and both eastern and western 
Africa.  Indigenous transmission apparently now occurs annually in southern Texas.  
Dengue is commonly reported as an introduced disease in the United States including 
Michigan, because infected mosquitoes may bite travelers to endemic areas and 
dengue symptoms may appear after the trip is over.  Thus, dengue is worthy of 
discussion here.  There is no vaccine.  Travelers to tropical areas where dengue virus 
transmission is on-going should take measures to protect themselves against mosquito 
bites. 
 
An important group of mosquito-borne flaviviruses is the Japanese encephalitis virus 
antigenic complex, including West Nile, Japanese encephalitis, St. Louis encephalitis, 
and Murray Valley encephalitis viruses.  Some authorities refer to this complex as the 
West Nile antigenic complex.  These viruses occur in widely separated geographic 
regions but show similarities in the nature of their enzootic cycles. Each has Culex 
vectors and birds as vertebrate reservoirs.  In the case of Japanese encephalitis virus, 
pigs often serve as amplifying hosts.  The most important of these in terms of human 
morbidity and mortality is Japanese encephalitis virus.  However, this virus does not 
occur in Michigan or the western hemisphere, but it is of concern to travelers to endemic 
areas.  There is a human vaccine for Japanese encephalitis virus. 
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West Nile (WN) virus.  A strain of the West Nile virus was introduced into North 
America in New York City in 1999, and since that event the virus has spread southward, 
northward and westward, including into Michigan and nearby states and the province of 
Ontario.  Human and horse cases of an encephalitis-like disease have occurred from 
1999 through 2001, in some instances resulting in death.  The native range of West Nile 
virus includes Africa, the Middle East, Europe, parts of the former Soviet Union, India, 
and Indonesia.  Seroprevalence of antibody to WN virus in Egypt has ranged to over 
60% of adults.  West Nile virus first was isolated from the blood of a febrile man in 
Uganda in 1937.  Like the other members of this complex, the primary vectors of WN 
virus are in the genus Culex, particularly Cx. pipiens and Cx. univittatus.  Other species 
also may be important.  Birds are vertebrate reservoirs and amplifying hosts during 
epidemics.  In North America, several species of Culex and Ochlerotatus have been 
found infected in nature.  These mosquitoes likely serve important roles as enzootic, 
epizootic, or epidemic vectors.  Certain species of birds, especially those in the family 
Corvidae (crows, ravens, and blue jays) in North America are highly susceptible to 
infection and are useful as wild sentinels for West Nile virus surveillance. 
 
St. Louis encephalitis (SLE) virus.  This virus was identified as the causative agent of 
disease during an outbreak of encephalitis-like illness in Paris, Illinois (USA), in 1932 
and St. Louis, Missouri (USA), in 1933.  It was isolated from a patient with encephalitis 
in the Yakima Valley of Washington (USA) in the early 1940s and found to be a frequent 
cause of human illness in the Central Valley of California in the 1930s and 1940s.  This 
virus is distributed widely in North America and also occurs in parts of Mexico, Central 
America, the Caribbean, and South America to Argentina.  The encephalitic illness 
caused by SLE virus shows a bimodal age distribution, with children and elderly people 
most frequently affected.  Attack rates during epidemics range from 5 to 800 per 
100,000 population, depending upon location, year, strain virulence, and population 
immunity due to earlier epidemics.  In the eastern United States, mortality rates have 
ranged from about 3 to 20% of laboratory-diagnosed cases, but in the western United 
States mortality rates are lower. 
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In North America, 3 enzootic cycles of SLE virus have been described.  In the eastern 
United States, north of Florida but including Texas, the primary vectors are Culex 
pipiens and Cx. quinquefasciatus.  The former mosquito occurs in a more northerly 
distribution, whereas the latter is more southerly, with a hybrid zone at about the latitude 
of Memphis, Tennessee (USA).  Females of both species feed on birds.  In addition, Cx. 
quinquefasciatus females frequently feed on mammals as the summer progresses.  
Whether these mosquitoes alone or other vectors function in transmission to humans 
depends upon the abundance of these 2 species and other competent vectors.  House 
sparrows are important vertebrate amplifier hosts in peridomestic settings.  In the 
western United States, a mosquito-bird-mosquito cycle similar to that of western equine 
encephalomyelitis virus, involving Cx. tarsalis, has been elucidated.  In addition, in 
California both Cx. pipiens and Cx. quinquefasciatus, and possibly Cx. stigmatosoma, 
function secondarily as either enzootic or epidemic vectors.  In Florida, Cx. nigripalpus 
apparently is the enzootic, epizootic, and epidemic vector of SLE virus.  In Latin 
America and in the Caribbean basin, SLE virus has been isolated from many different 
species of Culex, Sabethes, Mansonia, Wyeomyia, and other genera, and from a wide 
variety of birds and mammals.  In these areas, human SLE generally is rare.  The 
mechanism of virus overwintering in North America is not well known.  There is some 
evidence of virus persistence in overwintering, diapausing female mosquitoes. 

 
The history of SLE in North America has been that of epidemics, either local or 
widespread, with intervening years when there was apparently no virus activity or 
epidemics, and either no or a few isolated human cases.  The first epidemic, in the early 
1930s in St. Louis, Missouri, was accompanied by hot and dry weather, which favored 
the development of populations of mosquitoes of the Culex pipiens complex, the larvae 
of which develop in water rich in sewage.  The epidemic involved about 1,100 human 
cases and 200 deaths.  Since that time, there have been some 50 outbreaks of SLE in 
the United States.  Human cases also have occurred in Manitoba and Ontario, Canada.  
These epidemics have been both rural and urban.  A very large outbreak occurred in 
1975, involving 30 states and the District of Columbia, with over 1,800 cases reported.  
Some 93 human cases and 3 deaths occurred in Michigan during that episode.  More 
recently, epidemics have occurred in such disparate locations of the United States as 
Pine Bluff (Arkansas), Florida, Los Angeles (California), Houston (Texas), New Orleans 
(Louisiana), and Grand Junction (Colorado).  A total of 4,437 human cases of SLE 
infection were reported to the United States Centers for Disease Control and Prevention 
from 1964 to 1995, with an average of 139 cases per year (range, 4-1,967). 
 
BUNYAVIRIDAE  (BUNYAVIRUS AND PHLEBOVIRUS) 
 
The Bunyaviridae includes the genera Bunyavirus and Phlebovirus. The viruses in the 
genus Bunyavirus comprise a complex and diverse group of more than 153 viruses in 
16 serogroups distributed worldwide.  Mosquitoes or biting midges serve as vectors, 
and small mammals, ungulates, or birds are the vertebrate hosts.  Phlebovirus contains 
37 viruses, most of which have phlebotomine sand fly vectors.  It also includes the 
important mosquito-borne Rift Valley Fever virus. 

 70 



 
Among the 30 viruses associated with human or animal diseases in the genus 
Bunyavirus are those in the California serogroup.  This group of viruses is the most 
important group medically in the United States, and some members of it do occur in 
Michigan.  It consists of 4 virus complexes:  California encephalitis, Melao, trivittatus, 
and Guaroa.  In the California encephalitis virus complex, there is 1 virus type, 
California encephalitis virus, and 7 subtypes and varieties, including the 
medically-important La Crosse and Tahyna viruses.  Melao virus complex consists of 
7 subtypes and varieties, whereas Trivittatus virus and Guaroa virus form monotypic 
complexes within the serogroup.  Viruses in the California serogroup characteristically 
are transmitted by Aedes or Ochlerotatus species, but other genera such as Culiseta 
and Anopheles may be involved.  Of the 14 virus types, subtypes and varieties in the 
California serogroup, 9 occur only in North America.  Among these are certain medically 
important ones, such as California encephalitis, La Crosse encephalitis, and  
Jamestown Canyon viruses. 
 
La Crosse encephalitis virus.  This is the most important human pathogen in the 
California serogroup, causing an acute, febrile illness in children.  Most cases are 
subclinical or mild, but some progress to severe encephalitis and, rarely, death.  In 
1964, La Crosse virus was isolated from preserved brain tissue of a child who had died 
of encephalitis in 1960 in the vicinity of La Crosse, Wisconsin.  Currently it is distributed 
in the eastern United States, including the Midwestern states bordering the Great 
Lakes, east to New York and Pennsylvania, south to West Virginia and North Carolina, 
and west to Texas.  However, most human cases occur in West Virginia, Wisconsin, 
Illinois, Indiana, and Ohio.  Cases have been documented in Michigan in several 
locales. 

 
The disease tends to be highly focal within its known range, such that particular regions 
or towns are known to be endemic.  Prevalence varies regionally.  In the United States, 
there were 2,245 cases of La Crosse viral encephalitis reported to the Centers for 
Disease Control and Prevention (CDC) from 1964 to 1995, with an average of 70 per 
year (range, 29-160).  In Ohio, where cases are particularly well documented, there was 
an average of 26 cases per year between 1963 and 1995.  La Crosse encephalitis 
probably is under-reported to public health agencies. 

 
The principal vector of LAC virus have is the eastern tree hole mosquito, Ochlerotatus 
triseriatus.  The virus is transmitted both horizontally to sciurid rodents, particularly 
chipmunks and squirrels, and vertically from female mosquitoes to their progeny.  The 
discovery of transovarial transmission of LAC virus was one of the first documentations 
of this phenomenon in mosquitoes, and revealed an overwintering mechanism for LAC 
virus.  It also demonstrated that vertebrate reservoirs were not always essential to the 
persistence of mosquito-borne viruses in nature, and that the mosquito itself could be a 
reservoir host.  Thus, an infected female is able to transmit the virus at its first blood 
feeding without previously having taken an infectious blood meal.  Another important 
new finding was that Oc. triseriatus males, infected transovarially, transferred LAC virus 
to females via mating (i.e., venereal transmission).  Female Oc. triseriatus are active 
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during daylight hours, and thus people living in endemic areas should protect children 
from mosquito bites during the daytime (as opposed to evening or crepuscular periods, 
when most other mosquitoes are active). 
 
Epidemiologic investigations of cases of encephalitis or aseptic meningitis of unknown 
origin often reveal LAC encephalitis in areas where previously it was unknown.  Such 
investigations almost always reveal populations of Oc. triseriatus in the immediate 
vicinity where infection was thought to occur, such as backyards or wooded areas 
where children play.  Water-filled artificial containers, particularly discarded tires, have 
become important habitats for Oc. triseriatus larvae and provide a link between the 
sylvan La Crosse cycle and humans.  In Ohio and New York State, LAC virus also has 
been isolated repeatedly from Oc. canadensis; however, the role of this mosquito as a 
vector to humans and its role in an enzootic cycle are not well understood. 

 
Jamestown Canyon (JC) virus.  This is another subtype in the Melao virus complex.  It 
was originally isolated from Culiseta inornata in Colorado (USA) in 1961.  Since that 
time it has been isolated in both Canada and the United States from Ochlerotatus, 
Culiseta, and Anopheles species in regions from Alaska east to Ontario and New 
England, south to Maryland, and in western and southwestern states, including 
California.  The principal vectors are Ochlerotatus species with univoltine life cycles 
(i.e., snowpool and spring species).  Transovarial transmission of JC virus has been 
demonstrated in some mosquito species.  Its vertebrate hosts are large wild ungulates, 
especially deer.  JC virus has been associated with encephalitis-type illness in humans 
in Ontario, New York, and Michigan. 
 
Methodology of surveillance: field activities 

 
Implementation of a mosquito-borne virus surveillance program requires trained staff, 
organization, interagency collaboration, and funding for field and laboratory activities.  
The field component is discussed here first. 

 
A field component of the program involves a staff that is trained in methods for trapping 
mosquitoes using various trap devices, and then handling the trap catch in such a 
manner that the mosquitoes themselves and the viruses that they may be infected with 
remain intact until processing for virus testing.  Similarly, the field staff must be trained 
in methods for capturing vertebrate hosts including birds and mammals, using 
appropriate gear such as mist nests, bird traps, mammal traps, and so on.  Generally, 
permits from state and federal agencies are required to conduct such trapping efforts.  
The staff must know field identification procedures, must be able to determine the age 
and sex of the vertebrates, and must be able to draw appropriate tissue samples or 
blood samples for later tests.  In certain circumstances, sentinel animals such as 
chickens, pheasants, or rabbits are placed in the field in appropriately constructed 
enclosures so that they are exposed to infectious mosquito bites.  Seroconversion of 
these animals, i.e., development of antibodies to particular mosquito-borne viruses, is a 
signal that the area where these sentinel animals have been placed has virus activity in 
the native mosquito populations.  Thus, sentinel animals must be bled regularly.  Blood 
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samples from wild vertebrates or sentinel animals, like the mosquito trap collections, 
must be handled appropriately so that their integrity is not comprised until they are 
delivered to a laboratory for testing. 
 
The trained field staff must be equipped with vehicles, a fuel and vehicle maintenance 
budget, traps, sentinel cages and animals, mist nets or other devices to catch and hold 
birds and mammals.  A supplies budget for needed items such as batteries and dry ice 
is required.  The staff must have maps or geopositioning equipment to determine 
locations where work is performed, and must be familiar with the work area.  Generally, 
the staff must obtain permission from landowners, or establish liaison with landowners, 
to set traps or to place sentinel animals.  Trap placement and sentinel animal placement 
is crucial for effectiveness.  For example, mosquito light traps should not be placed in 
an area where the small light bulb fitted to the trap competes with bright lights from 
street lamps or barnyards.  Sentinel animals should be placed in areas where they are 
likely to be bitten by mosquitoes.   
 
Sample quality and sample security during collection and transport must be ensured by 
maintaining secured conditions and a cold chain from field to lab.  For blood samples, 
blood should be mixed with diluent in the field, the ratio of blood to diluent recorded, and 
later centrifuged to pull away the clot and allow serum to be collected.  This serum 
should be transferred using aseptic technique to a clean, secured and labeled tube, and 
frozen at –20 degrees C or colder.  Sometimes, centrifugation is done under field 
conditions and so is mentioned here.  Workers should be careful to avoid causing 
hemolysis in blood samples so that the quality of sera is not compromised.  Mosquito 
trap collections should be retrieved (typically, in the morning) and the samples returned 
in cold conditions to the laboratory for sorting and identification.  Careful records of 
sites, dates, vertebrates from which the sera were taken, and other important data 
should be kept.  A hand held geopositioning system (GPS) is useful to record precise 
locations of trapping and sampling locations. 
 
Methodology of surveillance: laboratory activities 

 
Mosquito samples.  Mosquito samples should be received from field staff in a frozen 
condition.  If a cold chain cannot be maintained from the field to the lab, then the field 
staff should note this to the laboratory personnel because it will affect the kind of test or 
assay that can be used, and the sensitivity of the tests.  Sample processing in the 
laboratory involves identification, sorting, and counting mosquitoes; placing mosquitoes 
sorted by species into labeled tubes; and then grinding these mosquitoes in a diluent or 
buffered saline for virus isolation or detection.  Laboratory staff should be familiar with 
insect identification such that mosquitoes can be retrieved from samples and separated 
from non-mosquito insects.  Then, mosquitoes are inspected individually under 
magnification and good lighting, identified to species, and placed into tubes where the 
number of individuals and the species is recorded.  Typically, male mosquitoes are 
discarded.  It is generally good practice to separate blood fed mosquitoes from 
nonblood fed ones, inasmuch as testing for virus by either isolation or some other 
means will detect virus in the blood meal, as well as virus actually infecting mosquito 
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tissue.  It is also good practice to keep mosquitoes cold by sorting samples on a chill 
table or blue ice block.  Tubes of mosquitoes should also be kept cold, e.g. on wet ice or 
in a dry ice/alcohol bath, until the sorting process is completed.  Then, the tubes 
containing the mosquitoes should be placed in a freezer until they are processed for 
virus isolation or detection.  Carefully and thorough records should be kept so that tubes 
can be associated with the original samples.  Generally, each tube should be assigned 
a unique accession number so that tubes can be careful tracked during processing. 
  
Once mosquitoes have been sorted, identified, counted, and placed in tubes, they are 
ready for processing for virus isolation or virus detection.  For virus isolation, the two 
primary methods involve grinding the mosquitoes in an appropriate medium followed by 
inoculation of the supernatant after centrifugation into suckling mice brains, or onto 
monolayers of tissue culture cells permissive to viral infection.  If the mice or cells show 
evidence of virus presence (altered behavior in the suckling mice; cytopathic effects on 
the cell cultures) then the brains or cells are harvested and the virus is extracted for 
identification.  Typically, virus identification will involve an immunologic assay such as 
fluorescent antibody assay (FA), enzyme-linked immunosorbent assay, or neutralization 
test, where a panel of antibodies known to react with a range of viruses is employed.  
Both of these methods involve a reaction between the antibodies and viral proteins, with 
a visual test outcome such as fluorescence observed microscopically, or a color change 
that occurs due to enzyme action. 

 
An alternative or adjunct means of virus identification is through use of the polymerase 
chain reaction (PCR), in which viral RNA is amplified into many DNA template copies, 
using DNA primers that are specific for the viruses of interest.  Because the mosquito-
borne viruses have RNA genomes, the reverse-transcriptase procedure must be used in 
which the PCR reaction incorporates an enzyme that allows DNA to be synthesized 
from RNA.  Reverse-transcriptase PCR is sometimes abbreviated RT-PCR, but this 
abbreviation can lead to some confusion because this same abbreviation is used to 
refer to a quantitative PCR procedure called ‘real time PCR.’  After PCR, the resultant 
amplicons are visualized on agarose gels to confirm viral presence.  The amplicons 
(i.e., stretches of amplified DNA) may be cloned and then sequenced to get precise 
information on the nucleotide sequences in the amplicons.  Information from sequencing 
can often be used to make inferences about virus strains, and is useful for comparative 
purposes. 
  
The manner in which mosquitoes are processed may affect virus recovery, or virus 
detection with PCR.  If a cold chain is not maintained, then recovery of live virus from 
the dead, sorted mosquitoes is not possible because the virus will have lost viability, 
even though some viral proteins may be detectable in crushed mosquitoes.  Similarly, 
enzymes called RNAases will rapidly consume viral RNA inside the bodies of dead 
mosquitoes unless the mosquitoes are kept frozen.  Thus, it is good practice to maintain 
a cold chain from field through laboratory processing until the actual testing procedures 
commence.  Often, the amount of time required to process mosquito pools causes 
deterioration in the quality of samples, thus a mass grinding mill or device where many 
samples can be processed simultaneously is a useful item of equipment. 
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Alternative procedures to virus isolation followed by virus identification are virus protein 
detection by ELISA of ground mosquito pools (called antigen capture ELISA, because 
viral protein antigen is being detected); or PCR for viral RNA in the ground pools.  
Neither method requires isolation of live viruses.  Both methods have advantages and 
disadvantages, relating to sensitivity and potential for false positive and false negative 
reactions.  There are commercial kits that offer the potential for detection of viral 
proteins or viral RNA, and these are now available on the open market. 
  
Samples of serum and blood.   All procedures required to avoid contamination or 
exposure of workers to blood should be taken, so that workers do not become infected 
during handling and processing of blood or sera.  Workers should have blood-borne 
pathogens training as a part of their professional development, prior to handling 
specimens.  Samples should be treated with the Universal Precautions approach, in 
which every sample is considered to be infectious unless known otherwise not to 
contain infectious agents. 
  
Generally, samples of blood are taken so that serum can be extracted and tested for 
antibodies to mosquito-borne viruses.  [In some instances, it may be desirable to 
attempt virus isolation from serum or blood clot, using the methods described above.]  
In this instance, the sera are mixed with a laboratory diluent such as a buffered saline to 
a known, low dilution (e.g., 1:10 or 1:20), and then tested in a screening assay with a 
particular serologic test such as ELISA, FA, hemaglutination inhibition, or neutralization, 
in which a panel of viral antigens or live viruses is employed.  If a serum sample shows 
evidence of a positive reaction to a particular antigen or virus, then serial 2-fold dilutions 
of that serum are made using diluent, and the procedure is repeated.  The highest (most 
dilute) dilution of the sample in which the test is positive is said to be the end-point 
dilution of that serum.  This information is useful in interpreting the result.  For example, 
if a bird serum is collected from a gray catbird trapped and bled in Kalamazoo County, 
Michigan, in August; and tested by an ELISA for evidence of antibodies to EEE virus, 
and the test is interpreted to be positive by established criteria at an end-point dilution of 
1:320, then this could be indication of a recent infection in that bird because the end-
point titer is high.  However, if the serum is positive only at 1:10 and not at any higher 
serum dilutions, then the reaction is positive but rather weak and only at a low dilution, 
indicating an old exposure or possibly antibodies to another, related virus. 

 
Interpretation of test results.  The interpretation of any laboratory test used in mosquito-
borne virus surveillance, whether directed against mosquitoes or serum samples, 
should be based upon a sound knowledge of the reliability of the assay and within the 
context of the science of clinical laboratory practices.  In general, laboratory assays 
used for these purposes will vary in their sensitivity and specificity.  Sensitivity refers to 
how well the assay detects the agent that is being tested for, whether proteins, 
antibodies, nucleic acids, or live viruses.  Sensitivity can be quantified by comparisons 
of different methods, for example, comparison of ELISA and neutralization to detect 
antibodies in sera.  If both procedures perform equally well, they are said to be 
concordant.  If 10,000 true positive samples are tested by a procedure of uncertain 
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sensitivity, and 9,990 are found to be positive by the uncertain procedure, then that 
procedure is 99.99% sensitive (i.e., 9,990/10,000 x 100 = 99.99%).  Note that not all 
positives are detected.  Specificity refers to how well the assay detects the agent that is 
being tested for, differentially from closely related agents of from truly negative samples.  
If 10,000 known negative samples are tested, and 10 are found to be positive by the 
assay, then the specificity is 9,990/10,000 x 100 or 99.99% specific.  Note that some 
negative samples would be categorized as positive when using this procedure.  In 
another example, one might detect a 1:10 end-point titer of antibodies to EEE virus in a 
bird serum using an ELISA, and then by comparison find that the same sample reacts at 
1:40 when WEE viral antigens are used.  Thus, one could validly conclude that the bird 
serum is actually ‘positive’ for WEE antibodies, and not EEE antibodies.  The ELISA 
procedure in this case may be said to be broadly alphavirus specific, as opposed to 
narrowly EEE or WEE virus specific. 

 
Sensitivity and specificity lead to two terms: false negative and false positive, results.  In 
large scale surveys such as those employed for mosquito-borne virus surveillance 
where many samples are processed, it is most useful to have screening procedures or 
assays that do have some error on the side of yielding false positives, and little or no 
error resulting in false negatives.  Because true positive tests are rare, it is better to 
have some false positives, than to have any false negatives.  In this way, any positives 
(whether real ones, or false ones) can be confirmed with a more sensitive and specific 
assay.  Thus, it should not be unexpected that some samples that are positive in a 
screening assay are later determined to be negative in a confirmatory assay.  End users 
of the data resulting from laboratory assays on field samples should become familiar 
with this kind of laboratory practice. 
 
Information on sensitivity, specificity, and false positives, can be incorporated into a 
term called the positive predictive value.  The positive predictive value of a procedure is 
calculated as the number of true positives divided by the number of true positives added 
to the number of false positives.  [A similar term, the negative predictive value, indicates 
the potential for false negative results to be generated.  Clearly, false negatives are to 
be avoided in a screening test.]  The positive predictive value is a way of quantifying 
how many of the test-positives truly are positive.  Let us say we test 2,000 bird sera for 
antibodies to EEE virus using a screening ELISA procedure.  Of these, we find 100 
positives.  We forward these potentially positive samples to another laboratory for 
confirmation with a more sensitive and specific neutralization test.  The results of the 
neutralization test indicated that of the 100 screened positive samples, 90 are true 
positives and 10 are false positives.  The positive predictive value of the ELISA 
procedure is then [90/(10+90)] x 100 = 90%.  It is not a perfect test, but it is still useful 
for surveillance and its error is in the right direction, i.e., it provides a few false positives 
but no false negatives.  Any false positives would have to be eliminated by a follow up 
procedure of greater specificity, which generally means greater expense and time 
required to complete it, often times at another, centralized laboratory.  The time period 
between the original screening test, and the confirmatory test, may be long relative to 
the goals of the surveillance program, which are to obtain and deliver rapidly information 
on virus activity in nature.  Again, an ideal screening tool for survey work is one that has 
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some error on the false positive side, but very little or no error on the false negative 
side. 
 
Methodology of surveillance: customizing surveillance to particular mosquito-borne 
viruses 
  
Different sampling methods, target vector and vertebrate populations, and laboratory 
procedures may be used depending upon which mosquito-borne virus system is under 
surveillance.  The following discussion summarizes the salient features of surveillance 
for those mosquito-borne viruses relevant to Michigan. 
 
Surveillance for La Crosse encephalitis activity.  La Crosse encephalitis is a 
community-based disease that does not show patterns of outbreaks or small epidemics, 
but rather does show patterns of localized endemicity and clustering of cases of disease 
in humans on a spatial scale.  Consequently, surveillance practices should focus on (1) 
human case location and confirmation through the public health, case reporting and 
laboratory diagnosis system; (2) follow up of cases by site visits, interviews of parents 
and siblings, and examination of the premises and locations where infectious mosquito 
bites were likely to have occurred; (3) investigations of evidence of presence of 
competent vectors (especially Ochlerotatus triseriatus), including larval stages and 
sources such as discarded tires and tree holes; and (4) confirmation of presence of La 
Crosse virus in vectors and vertebrate hosts by field sampling.  Because La Crosse 
virus overwinters through the egg stage and passes transovarially, a handy sampling 
approach is to place ovitraps near confirmed case sites and collect mosquito eggs.  
These are later hatched, and virus isolation is attempted from larvae or reared adults.  
Further, larvae can be siphoned from water-filled tires and tree holes and virus isolation 
attempted as well.  Information on oligonucleotide primers and reaction conditions for 
PCR is available, thus PCR could be used as a virus detection system in lieu of virus 
isolation.  Sampling of vertebrate hosts by trapping chipmunks and squirrels, obtaining a 
blood sample, and then testing sera for antibodies to La Crosse encephalitis using 
neutralization tests is also a method for detection of activity of this virus in an area near 
a confirmed case site. 
  
Of interest for La Crosse encephalitis and other mosquito borne viral diseases is 
accurate diagnosis of human cases, followed by reporting to public health agencies.  
Here, the involvement of general practice physicians, pediatricians, and infectious 
disease physicians is critical so that a case of encephalitis or aseptic meningitis 
presenting to a health provider can be accurately diagnosed.  The legal obligation to 
report such cases of disease to the county health department falls in the hands of the 
health care provider.  These medical specialists must draw both acute and convalescent 
blood samples for sera, and then ensure that qualified laboratories receive these 
samples so that IgM capture ELISA procedures can be conducted on them.  By 
definition, a confirmed case of La Crosse encephalitis is one in which a four-fold 
increase in IgM antibody titer to the virus is measured between the acute and 
convalescent sera.  Thus, both sera must be available, and a laboratory that can carry 
out a La Crosse virus specific IgM capture ELISA must be used as the reference 
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laboratory.  If only a single serum is available, or a laboratory that does not have the 
IgM capture procedure available is used as the reference laboratory, then confirmation 
(or rule-out) of La Crosse virus as the causative agent of disease cannot be obtained. 
 
Once information has been obtained that La Crosse virus is present in a localized area, 
then further surveillance, alerts to the public and local health providers, and anti-
mosquito measures (such as clearing away discarded tires of filling tree holes) can 
commence. 
 
Surveillance for eastern equine encephalomyelitis activity.  Activity of EEE virus in 
an area is often known historically, based upon past history of horse cases, outbreaks in 
penned pheasants, or known human cases.  Thus, surveillance programs should be 
built around this knowledge, as well as knowledge of location of habitats of the primary 
enzootic vector of EEE virus, Culiseta melanura.  An important component of EEE virus 
surveillance is active detection of horse cases, using a network of large animal 
veterinary clinics or equine speciality clinics.  These clinics should be contacted by 
phone, email, or fax regularly during the transmission season, with a set of simple 
questions that these busy veterinarians, or their staff, can answer with minimal 
disruption to their work schedules.  Any potential cases of encephalitis in equines 
should be followed up rapidly by a site visit from a staff person associated with the 
Michigan Department of Agriculture’s Animal Industry Division, in an attempt to get 
information on address and date of the case, and to obtain the horse’s head.  The head 
should be delivered to the Animal Health Diagnostic Laboratory at Michigan State 
University, so that the brain tissue can be examined with an immunohistochemistry test 
for presence of EEE viral antigens and to assess the nature of the pathology in the brain 
tissue.  If this brain tissue is positive for pathologic signs of encephalitis and for EEE 
viral antigens, then the horse case can be considered to be a positive case and should 
be reported as such. 
  
Many states where EEE virus is endemic have successfully implemented mosquito 
surveillance and virus testing as their standard system; these states include 
Massachusetts, Connecticut, New York, and New Jersey.  Mosquito traps (both carbon 
dioxide baited CDC light traps and resting boxes) are placed well within the hardwood 
and bog habitats of Culiseta melanura, and in nearby uplands, and these traps are 
regularly tended and the mosquitoes from them identified, sorted, and prepared for EEE 
virus detection.  Some state systems utilize virus isolation in tissue culture, followed by 
rapid virus identification by FA or PCR.  Other states test mosquito pools directly by 
PCR.  During periods of virus amplification, the minimum field infection rates can be 
rather high, for example 10:1000 mosquitoes may be infected, thus mosquito 
surveillance can be a useful tool for EEE virus activity.  This approach does require a 
dedicated field team, a large network of trap sites, and a dedicated laboratory staff.  If 
the individuals who are assigned these tasks also have many other responsibilities, then 
the surveillance system may not be intensive enough to be successful. 
  
A third approach for EEE virus surveillance is through utilization of sentinel birds, and 
through trapping and sampling wild bird hosts.  These approaches again involve 
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dedicated field teams that can maintain sentinel flocks, and tend mist nets at early 
morning hours in sites that are difficult to access. 
  
As with La Crosse encephalitis, a critical component of surveillance for EEE virus is 
detection and reporting of human cases.  This activity involves the medical community, 
both for proper diagnosis, laboratory evaluations of acute and convalescent sera by IgM 
capture ELISA, and case reporting to public health agencies. 
 
West Nile virus and St. Louis encephalitis virus surveillance.  Surveillance 
approaches for West Nile and SLE viruses are similar because of the similarity in 
mosquito vectors and in hosts.  The approaches may involve assessment of minimal 
field infection rates in Culex mosquito populations, prevalence of antibodies to these 
viruses in birds (whether wild or sentinel), and human case detection by networks of 
physicians, laboratory clinics, and public health agencies. 
  
Bird surveillance is particularly useful for both West Nile and SLE viruses because of 
the involvement of particular bird hosts in urban areas.  In Michigan, house sparrows 
are a good wild ‘sentinel’ for SLE virus because they develop antibodies to the virus, 
occur in urban areas where they are likely to be exposed to infectious bites of 
mosquitoes, and can be readily trapped using simple trap devices.  Elsewhere, house 
sparrows have been shown to be good indicators of SLE virus activity during episodes 
of outbreaks.  Additionally, some sentinel birds such as chickens are useful for SLE 
surveillance.  Seroconversions of sentinel birds are a direct indication of SLE virus 
activity in a given area. 
  
West Nile virus infects crows and blue jays such that these birds die of infection.  Thus, 
regional surveys for dead crows and blue jays, and assessment of West Nile virus 
infection in these dead birds, provides a simple tool for surveillance.  In Michigan, a 
network for bird submittal has been established in which local public health officials, 
animal control officers, and members of the public who find dead crows or blue jays 
may log data on their finds, and submit the carcasses for testing.  The submission 
system involves notification of a local authority for a submission container.  Information 
may be phoned in, or logged onto a website.  The carcass is received at the Animal 
Health Diagnostic Laboratory at Michigan State University, where various bird tissues 
are tested by immunohistochemistry for virus antigen.  If this screening test is positive, 
the tissues are forwarded to the public health laboratory at the Michigan Department of 
Community Health for confirmation by real time PCR.  A recent approach is the cloacal 
swab kit, in which a swab from the dead bird’s cloaca is obtained and then tested in kit 
form for presence of viral RNA.  This approach, although new, may prove useful for 
local agencies who wish to obtain rapid results on dead birds found within their 
jurisdictions. 
  
Surveillance for West Nile virus and SLE virus can also be accomplished by monitoring 
virus activity in mosquito populations.  Traps employed for this approach can be carbon 
dioxide baited CDC light traps, and gravid traps.  The former traps capture a wide range 
of species when in the host seeking mode, while the latter tend to be Culex-specific and 
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capture females that are gravid (i.e., have obtained at least one blood meal and are 
seeking a site to lay eggs).  The minimum field infection rate in Culex mosquitoes for 
both West Nile and SLE viruses tends to be rather low, ca. 1:1000 or less. Surveillance 
for virus activity in the mosquito vector population must be sufficiently intense (many 
traps and lots of mosquitoes captured) in order to obtain a large enough sample size for 
detection of the virus in pools of mosquitoes.  Virus isolation, antigen capture, ELISA, 
PCR, and RNA kits are available for virus detection. 
 
 
 

Arbovirus Surveillance  
 
In the State of Michigan, the Michigan Department of Agriculture (MDA), Michigan 
Department of Community Health (MDCH), Michigan State University (MSU), and the 
MSU Animal Health Diagnostic Laboratory (AHDL) work in cooperation toward the 
surveillance and identification of Arboviral disease.  Through this effort the following 
tests and procedures are performed. 
 

Michigan Department of Community Health 
 
The MDCH laboratory performs arbovirus testing on the following types of specimens in 
order to support the various surveillance activities: 
 
Human specimens – serum or cerebrospinal fluid (CSF) specimens are tested for the 
presence of antibodies against a panel of arboviruses including SLE, EEE, WNV, and 
LaCrosse.  Detection of virus-specific IgM antibodies in this assay indicates that the 
patient was recently or is currently infected.  Specimens that test positive in this 
screening assay are sent to the CDC for confirmation. 
 
Bird specimens – tissue from birds that have been screened as WNV-positive by the 
MSU AHDL are tested in a confirmatory PCR assay at MDCH.  The PCR assay 
amplifies and detects virus-specific RNA in the tissue.  The laboratory is currently only 
able to detect WNV RNA using this assay. 
 
Mosquito specimens – RNA extracted from pooled mosquito samples is tested for WNV 
RNA using PCR in a manner similar to that used for the bird specimens.  Screening and 
confirmatory PCR assays are performed on these specimens, but, as mentioned above, 
the current assay is only able to detect WNV RNA. 
 

Michigan Department of Agriculture 
 

Arbovirus Surveillance in Domestic Animals 
 
MDA maintains an active surveillance and communication system with private 
veterinarians in Michigan for detection of equine arbovirus cases.  Equine veterinarians 
are contacted by telephone on a weekly or every-other-week schedule to provide them 
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arbovirus activity updates and to discuss cases within their practices that may 
potentially be arboviral encephalitides.   
 
Diagnosis of WNV infection in live horses involves testing the blood serum or 
cerebrospinal fluid (CSF) for antibodies against the virus.  Testing is done at the 
National Veterinary Services Laboratory (NVSL) in Ames, Iowa.  Blood and/or CSF 
samples should be sent by veterinarians directly to NVSL or to the Animal Health 
Diagnostic Laboratory at Michigan State University (MSU AHDL). 
 
Horses with acute neurologic signs that die or are euthanized are tested for rabies, 
WNV infection, and other diseases.  The head of the animal is submitted to the MSU 
AHDL.  Preliminary testing for WNV or Eastern Equine Encephalitis is conducted by 
AHDL by Immunohistochemical (IHC) assay once negative rabies status is confirmed.  
WNV Reactors are confirmed by NVSL.  The Michigan Department of Agriculture 
provides transportation of the specimen for delivery to the AHDL and also covers AHDL 
expenses. 
 
Domestic birds (pet birds, poultry) are tested by AHDL and MDCH in the same manner 
as wild bird specimens. 
 
Other domestic animals may be tested as part of a general diagnostic laboratory 
evaluation.  WNV is not, however, routinely considered as cause of disease or death in 
dogs, cats, mammalian livestock other than equine species, or other non-avian 
domestic animals. 
 

Michigan Department of Agriculture Laboratory Division 
EEE and SLE Testing 

 
Mosquitoes 
 
The laboratory tests mosquito collections for the presence of Eastern Equine 
Encephalitis and St. Louis encephalitis using a test called ELISA.  Up to fifty mosquitoes 
are placed into a test tube, crushed and mixed with a buffer and frozen to release any 
virus from the cells into solution.  The solution for each sample is placed into a well that 
is coated with an antibody that binds to any virus present.  A second antibody labeled 
with an enzyme attaches to any virus bound to the well.  The wells are washed leaving 
only the bound virus and the labeled antibody.  A chemical is added that when broken 
down by the enzyme on the labeled antibody, creates a color.  If a sample gives a 
positive reaction, the test is repeated using a different antibody to the virus. 
 
Birds 
 
Another ELISA test is used to test bird blood for the presence of antibodies to the virus. 
Birds get the virus from infected mosquitoes that may also bite people.  The test doesn't 
necessarily tell us whether the bird is actively infected, but it tells us that it has at least 
been exposed in the past. The test is used as an indicator of the presence of 

 81 



mosquitoes with the virus in the area. The strength of the reaction and the age of the 
bird can indicate whether the exposure to the virus was recent. 
 
 
 
 
 

Michigan State University  
 Animal Health Diagnostic Laboratory 

 
Laboratory Screening for Arbovirus Disease 

 
West Nile virus 

 
Dead crows, blue jays, and other corvid avian species are submitted to the Michigan 
State University Animal Health Diagnostic Laboratory for testing for West Nile virus 
infection.  Only birds in a relatively good state of preservation are tested.  Carcasses 
which are badly decomposed (e.g., strong odor, fly larvae present) or which have been 
scavenged by predator animals are not acceptable. 

 
Samples of heart and kidney tissues are removed from dead birds, and tested for the 
presence of West Nile virus by a process called “immunohistochemistry,” or “IHC”.  This 
is a screening test, which may pick up “false positives,” so any bird tissues which prove 
suspicious as positive by IHC are sent to the Michigan Department of Community 
Health for confirmation by “PCR” (polymerase chain reaction), a test which is much 
more sensitive and specific for West Nile virus. 

 
Horses suspected of having West Nile virus infection may be tested in the same way.  
However, brain tissue is tested in equine species.  

 
Eastern equine encephalitis 

 
Horses and certain bird species also are susceptible to infection with other arboviruses.  
The MSU Animal Health Diagnostic Laboratory has the capacity to test for eastern 
equine encephalitis virus in susceptible species.  Brain tissue is examined for lesions 
typical of this disease, and is tested by IHC for the presence of virus.  Tissues from any 
case, which is suspicious for this disease, are sent to a federal USDA (United States 
Dept. of Agriculture) laboratory for confirmation. 
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Campground and Public Access Sites 
Mosquito Control Issues 

 
Administrative Rules for Campgrounds 
 
 
R 325.1581   Garbage and refuse disposal; insect control. 
   Rule 31.  (1) Disposal of garbage and refuse shall be in accordance with state and 
local law, ordinances, and rules.  A sufficient number of containers shall be provided for 
the storage of garbage and other refuse.  Garbage and refuse shall be collected and 
disposed of as often as necessary to prevent overflow, nuisance or odor, but not less 
than once each week.  Containers shall be maintained in a clean and sanitary condition. 
   (2)  Measures shall be taken to reduce populations of mosquitoes and other 
insects of public health importance in a campground. 
   History:  1954 ACS 68, Eff. July 2, 1971; 1979 AC. 
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MEMORANDUM 
To:   Mel Poplar - MDA 

 
From:   Mike Kight, Director Environmental Health Division 
  Lenawee County Health Department 
 
Date:   Wednesday, June 26, 2002 
 
Regarding:  Mosquito Control Issues In Campgrounds 
 
This memo is in response to Mel Poplar’s (MDA’s) document regarding revisions to the Michigan 
Mosquito Manual.  Many of our concerns related to WNV & EEE are related to the concentration 
of campers during outdoor sporting events in this county.  The Michigan Public Health Code, Act 
368 of 1978, Article 12, Part 125 regulates Campgrounds. Section 12511 states, The Department, 
with the advice, assistance, and approval of the advisory board, shall promulgate rules regarding 
sanitation and safety for campgrounds and public health.  Rule 31, paragraph (2), (R325.1581) 
states, “Measures shall be taken to reduce populations of mosquitoes and other insects of public 
health importance in a campground.”  
 
To my knowledge there is no statewide program or effort to reduce mosquitoes and other insects in 
Michigan Campgrounds.  The importance of implementing such measures probably varies by 
geographical area within the state.  The effectiveness of control measures probably would be 
impacted by conditions immediately off campground property not under control of the 
campground owner.  DEQ in concert with MDA should develop a position paper on how the 
requirements of Rule 31 should be implemented. 
 
I also recommend the following: 

• Post information (prominent location) in each campground concerning insect borne 
illnesses  

• Post information (prominent location) in each campground that provide personal protective 
measures.  This public information could be distributed with campground licenses each 
year. 

• MDA and MDEQ jointly designate those areas of the state in need of measures beyond 
posting of public information - designated areas may need to be customized by county based 
on concentrations of EEE & WNV and their vectors 

• MDA should coordinate efforts with LHD’s shortly before each mosquito season to publish 
information related to insect borne illnesses and preventative measures in their local news 
media – I think this effort should be coordinated with MDCH. 

• MDA should index sections of their mosquito manual that could apply to mosquito control 
in campgrounds ex. drainage, ditching, etc. 

 
My e-mail address is:  mkight@hline.localhealth.net 
c. via e-mail: 
  
 mcgeachb@michigan.gov 
 PoplarM@michigan.gov 
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Local Community Outreach Efforts and Decision Making Coordination Related to 
Mosquito Borne Virus Concerns 

 
During times of public health concerns, such as an outbreak of a mosquito borne virus, 
the coordination of monitoring, surveillance, and possible control efforts by various 
groups ranging from city managers, local Health Departments, Department of 
Agriculture, CDC, academia, mosquito control contractors, and State Health 
Departments must be focused at dealing with issues in real time or all the energy 
expended will dissipate without any results. The proper coordination and decision 
making by all agencies can deliver not only beneficial public health responses, but also 
provide bountiful information for academia. 
   
For communities without a mosquito control program, the onset of an epidemic/ 
epizootic in their area can be overwhelming. Many local Health Departments are not 
staffed sufficiently, or budgeted to handle a major mosquito problem.    Health 
Department administrators should develop and organize a contingency plan to help 
coordinate operations.  The Departments should also include individuals from the local 
animal control offices, veterinary clinics, as well as law enforcement and the media.  
They will serve as your eyes and ears throughout the community for locating impacted 
animals and will greatly enhance the data collection. 
 
The necessity to build a database outlining various facets of a mosquito program cannot 
be overstated.  Local Health Departments should coordinate with the local municipalities 
to gather critical information that would be beneficial to any field operations. The 
information could then be plotted on a Geographic Information System (GIS) for future 
mapping needs.   Information such as public works garages, maintenance facilities, 
parks and recreation buildings, and golf courses can all be utilized for staging areas for 
Health Department; where as, catch basins, retention ponds, tire storage, abandoned 
pools, and even socio-economic trends can all be used for surveillance and monitoring 
site allocation.  The ability to utilize computer generated maps with site specific 
information will make more efficient use of manpower. 
 
The most advantageous method to survey all areas within your jurisdiction is by means 
of an aerial survey with a helicopter, or by using existing satellite photos.  The best time 
to do this would be the late winter - early spring, after all the snow has melted and 
before any vegetation has grown on the trees to disrupt visual identification; Otherwise 
extensive man hours will be expended to not only find these locations, but also to get 
permission to gain access.  Individuals in a moving vehicle can’t always locate areas 
such as retention ponds, catch basins, abandoned pools, and tire storage for setting 
traps or implementing source reduction programs. 
 
During what appears to be an epizootic of a mosquito borne disease, all decisions by 
the city, county, or state will be based on scientific data, political ideology and public 
perceptions of the problem. The scientific data must be shared between all agencies on 
a timely manner so that decisions on the next course of action can be made.  Without it, 
public health may be jeopardized, or hysteria may occur that may be unwarranted.   
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Do to shortcomings in laboratory virus testing protocol and response times; local Health 
Departments may want to consider their own initial virus screenings. During the summer 
of 2001, delays in reporting laboratory results to local Health Departments contributed to 
an atmosphere of confusion and a lack of direction.  Timely reporting is essential so that 
surveillance teams can concentrate their efforts in a particular area. 
 
Advancements in technology in the area of onsite virus testing for some mosquito borne 
virus’ now make it possible for field staff to conduct virus scanning in real time, thus 
giving local officials critical information within minutes.  Any decisions by local officials 
that effect large parts of their community will inevitably be backed by sound scientific 
data using acceptable standards of error.  The data from any surveillance and 
monitoring program must be available to the constituents that are most affected in a 
timely manner.  The local city manager or mayor must be provided the data so that they 
can decide on any further control measures or public notices. The results from field 
surveys, and initial virus screenings, if positive, can provide city managers, or county 
administrations with the ability to inform the general public to utilize personal protection 
or possibly to initiate control measures. 
 
Educational programs coordinated by the Health Departments, and distributed to local 
governments via pamphlets, local cable telecast, and the general media can educate 
the public on what they can do to minimize breeding habitat, and to safeguard 
themselves from possible infection.  Source reduction programs are designed to help 
identify breeding habitat within the community.  They contribute by reducing mosquito 
breeding habitat and minimizing the overall numbers of mosquitoes biting people in 
affected areas. 
 
Public education and outreach programs focused on reducing the spread of mosquito 
borne diseases will bring light to upcoming issues and communicate ways to enhance 
personal protection within the city, household, and neighborhood environments. 
The use of public meetings and local cable telecast can be used to inform and educate 
the local populace of the extent of the mosquito/virus problem.  The application of any 
control measure in a metropolitan area must always precede extensive public 
awareness meetings.  
 
The focus of this section was not to dump information onto administrations and force 
them to initiate control measures.  It was to educate city managers and the populace of 
the up coming issues and problems of mosquito control that must be addressed.  The 
number one means to control mosquito numbers will always be source reduction, and 
personal protection to keep from getting bitten.  The decision to implement control 
measures will only come if public perception of the problem, and or, human health has 
been impacted.  Hopefully with advanced monitoring and surveillance, quick response, 
and public notification and education, we can limit any potential human occurrence of 
any mosquito borne virus.  
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UTILIZING PRIVATE COMMERCIAL COMPANIES FOR MOSQUITO CONTROL 
 
It is very important to understand some basic mosquito control techniques that are 
standards in the mosquito control industry.  Larviciding, Adulticiding, and Mosquito 
Monitoring are three basics that should be implemented in a mosquito control strategy.  
All of these processes are well explained in this manual. 
 
When considering a private firm for mosquito control, an evaluation of your area should 
be made.  The following things should be taken into consideration: 
 
 -Standing water nearby that may be producing mosquitoes. 
  Who owns that standing water? And can it be treated? 
 
 -The amount of dense vegetation in area that may harbor adult mosquitoes. 

Some areas may not have dense vegetation, but be adjacent to large 
shady, wooded areas. 
 

  -How large or how small of an area is being considered for treatment? 
Usually, the larger the area, the better the effectiveness. Treating a small 
area may reduce some mosquitoes, but migrating mosquitoes from 
adjacent properties can quickly infiltrate the small treated area.                   

   
-Usually, the best success for mosquito control is achieved when large areas are 

 treated, the following are examples of large areas. 
 
  -Counties 
  -Townships, Cities, or Villages 
  -Homeowner Associations 
  -Large outdoor recreation areas such as parks, golf courses, etc. 
 
 
 
The biggest question to consider when thinking about commercial mosquito control is:  
Will there be a significant mosquito reduction for the economic value that is placed on 
the service? 
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PESTICIDE USE RISK AND SAFETY 

Pesticide Use 
 
Pesticides are used for temporary relief of a pest problem.  For pesticides to be effective 
special precautions must be taken in the selection, storage, handling, and disposal of 
these products.  Most of this information is included on the product label.  Law forbids 
use of any pesticide that is not in accordance with the labeled instructions.  All 
pesticides for use as larvicides and adulticides must be registered with the EPA and the 
State of Michigan.  Repellants must be registered with the State of Michigan and be 
registered or exempt from EPA registration.  An EPA registration number is present on 
the label of federally registered pesticides. 
 
Pesticides can be either “specific” meaning that they are effective against certain 
insects or insects at particular stages.  These types of insecticides are usually nontoxic 
to humans and other animals.  Pesticides can also be broad-spectrum meaning that 
they can have deleterious effects on nontarget organisms.  Despite the use of 
nonspecific pesticides, type, timing, rate and location of application can control the 
effects on nontarget organisms.   
 
Signal words are used on the label of pesticides to describe how acutely toxic the 
pesticide is to humans.  The word “danger” on the label indicates that it is a Category I 
pesticide meaning that it is either very toxic or irritating on contact with skin or mucous 
membranes.  If the pesticide has the word “warning,” the compound is moderately toxic 
and is classified as a Category II compound.  “Caution” is used on the label to describe 
Category III and IV compounds that are slightly or practically nontoxic.  Table I 
describes the amount of chemical needed and the corresponding route of exposure for 
classifying pesticides. 
 
Other information regarding use of protective equipment, environmental hazard, use 
directions, first aid information, storage and disposal can be found on the label.   
 
 
Pesticide Risk 
 
 Whether or not a substance poses a risk to humans or other organisms depends on 
two factors: how toxic the substance is, and to how much of it an organism is exposed. 
The EPA considers both toxicity and exposure data in determining whether to approve a 
pesticide for use.  Consequently, adverse health effects are not expected to occur when 
pesticide products are used in accordance with the directions on the label. 
 
The EPA requires that batteries of tests be conducted for pesticides registered in the 
US.  These studies demonstrate how the organism reacts to a pesticide and how much 
of the pesticide exposure is needed to affect the organism.  The studies also describe 
those levels of the pesticide that do not cause harm.   The EPA uses this information 
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that describes the toxicity of the chemical with estimated exposures posed by such 
mosquito control activities such as the use of ULV applications for adulticiding.  In such 
cases, exposures involving inhalation and, for toddlers, ingesting of soil and grass range 
from 1/100 to 1/10,000 of the amount that is anticipated to cause health concerns.   The 
exposure assessment includes all routes of exposure through inhalation, dermal, diet, 
and water but includes short-term and long-term exposures.   
 
Reduced exposure accompanies the low risk associated with the use of the above-
mentioned pesticides.  Pesticides used for larviciding can be specifically targeted to the 
pest as in the case of Bti or Bs and have very little human exposure potential since the 
material is applied to water unsuitable for drinking or recreational purposes (i.e. ditches, 
ponds, marshes or flooded areas).  Other factors that reduce exposure include the rapid 
dissipation and breakdown of the product, and the relatively small amount of product 
used for wide area application. 
 
Pesticide Safety 
 
Reduction of breeding sites is the most effective intervention for controlling mosquito 
populations to decrease the risk of arboviral diseases.  Since most sites cannot be 
controlled by source reduction, the next most effective intervention is mosquito 
larviciding.  Several agents are used to prevent mosquito larvae from emerging as 
adults. 

 
Bacillus thuringiensis israelensis (Bti) is a biological insecticide that is the 
larvicide of choice.  Bti may be registered under various trade names such as 
Vectobac® for mosquito control.  Bti is usually classified as slightly toxic to 
practically nontoxic depending on the formulation.  Bti forms a crystalline protein 
that is insecticidal.  The toxin binds to receptors in the alkaline environment of the 
midgut of the mosquito larvae that damages the lining of the intestine and 
paralyzes the gut killing the insect.   The intestinal receptors of the insect where 
the protein binds are specific to insects and not found in mammals.   
 
Bacillus sphaericus (Bs) is a biological insecticide and may be registered under 
various trade names such as Vectolex® for mosquito control.  Bs produces a 
protein that acts in a manner similar to Bti.  Bs is classified as practically 
nontoxic.  The advantage of Bs over Bti is a longer period of larvicidal activity.   
 
Methoprene is an insect growth inhibitor and may be registered under various 
trade names such as Altosid® for mosquito control.  As a growth inhibitor 
Methoprene disrupts the development of the pupa into the adult.  Methoprene 
has less specificity to other freshwater invertebrates and is identified as 
practically nontoxic to humans and other mammals.  Methoprene degrades 
rapidly in water.  
 
Temephos is an organophosphate insecticide and may be registered under 
various trade names such as Abate® for mosquito control.   Temephos interrupts 
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the function of the nervous system by interfering with key enzymes controlling the 
synaptic transmission of nerve impulses.  Temephos is slightly toxic to humans 
and other mammals.  It is a broad-spectrum insecticide and as such can be 
highly toxic to other invertebrates, some birds, and fish if misused. 
 
Mineral oil and monomolecular films can be used as a larvicide.  These materials 
are practically nontoxic.  Mineral oil (with an added surfactant) may be registered 
under various trade names such as Bonide® and Golden Bear® mosquito 
larvicide. These compounds block the breathing tubes of the larvae and pupae.     
Monomolecular films may be registered under various trade names such as 
Agnique®.   Monomolecular films spread across the water to decrease its surface 
tension hence larvae, pupae, and adults cannot stay afloat. 

 
Conditions frequently exist when adulticiding is needed for mosquito control depending 
on the density and species involved.  Ultra Low Volume spraying, thermal fog, and 
barrier sprays are used. The two main classes of pesticides used are pyrethroids and 
organophosphates.  ULV spraying requires very little of the active ingredient to be 
sprayed, reducing the amount of pesticide to the lowest practical levels. Generally, 
products applied by ULV disperse and degrade rapidly in sunlight.  Therefore, there is 
very little risk to human health from this type of application of the following chemicals.  
 
The pyrethrin insecticides are derivatives of substances (pyrethrums) isolated from the 
flowers of the chrysanthemum.  Pyrethrins are fat-soluble and act on insects to interrupt 
transmission of nerve impulses.   Humans quickly breakdown pyrethrins in the body; 
however, insects cannot breakdown pyrethrins as easily.   Hence, there is selective 
toxicity to insects.  Pyrethrins can be combined with compounds (synergists) that 
increase their insecticidal activity up to 300-fold.  Pyrethrins can be broken down in the 
presence of sunlight and do not persist in the environment.   Pyrethroids are man made 
chemicals with a similar mode of action to pyrethrums but have increased chemical 
stability and effectiveness 
 

Pyrethrins are a mixture of pyrethrum insecticides and it may be registered under 
various trade names such as Pyrocide®.    Pyrethrins interrupt the function of the 
nervous system by interfering with the conduction of nerve impulses.  Pyrethrins 
are slightly toxic to humans and practically nontoxic to birds.  It is a nonspecific 
insecticide and therefore can be toxic to other insects and fish. 
 
Resmethrin is a pyrethroid insecticide and it may be registered under various 
trade names such as Scourge®.  Resmethrin interrupts the function of the 
nervous system by interfering with the conduction of nerve impulses.  Resmethrin 
is slightly toxic to humans and other mammals and practically nontoxic to birds.  
It is a nonspecific insecticide and therefore can be toxic to other insects and fish.  
Mosquito knockdown with ULV applications of Resmethrin begins around 5 
minutes; breakdown of the product occurs within 4 hours.  
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Permethrin is a synthetic pyrethroid insecticide and it may be registered under 
various trade names such as Biomist® and Permanone®.   Permethrin acts in the 
same manner as Resmethrin and is slightly toxic to humans and practically 
nontoxic to birds.  It is a nonspecific insecticide and therefore can be toxic to 
other insects and fish. 
 
Sumithrin (d-phenothrin) is a synthetic pyrethroid insecticide and it may be 
registered under various trade names such as Anvil®.  Sumithrin exerts a toxic 
effect in the same manner as Resmethrin.  Sumithrin is practically nontoxic to 
humans and other mammals.  It is a nonspecific insecticide and therefore can be 
toxic to other insects and fish. 
 

Organophospate insecticides act on the nervous tissue to prevent breakdown of a 
substance called acetylcholine responsible for nerve conduction.  Organophosphates 
are nonspecific regarding their toxic effects on other insects and vary in their toxicity to 
humans and other mammals.  Fish may also be sensitive to organophosphate 
poisoning.   
 

Malathion is an organophosphate and it may be registered under various trade 
names such as Fyfanon®.  It is toxic to other insects and fish, but is slightly toxic 
to humans and other mammals. 
 
Chlorpyrifos is an organophosphate and it may be registered under various trade 
names such as MosquitoMist®.  Chlorpyrifos is highly toxic to other nontarget 
insects and fish, but is slightly toxic to humans and other mammals.   
 
Naled is an organophosphate and it may be registered under various trade 
names such as Trumpet®.  Naled is toxic to other nontarget insects, humans, 
animals, and fish.  Naled is the least persistent of the organophosphates used for 
mosquito control. 
 

The use of proprietary or trade names mentioned above does not constitute an 
endorsement of that product.  If you suspect that exposure to a pesticide has affected 
you or someone else’s health, seek a medical provider for assistance.  Take product 
label and MSDS (Material Safety Data Sheet) to the medical provider to assist him in 
making an accurate diagnosis and provide effective medical care.   
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Table 1: Toxicity Categories and Hazard Indicators 

Toxicity Categories Hazard Indicators 

I II III IV 
 

Oral LD50 

Up to and 
including 50 
mg/kg 

From 50 mg/kg 
through 500 mg/kg 

From 500 mg/kg 
through 5,000 
mg/kg 

Greater than 5,000 mg/kg 

 

Inhalation LC50 

Up to and 
including .2 
mg/liter 

From .2 mg/liter 
through 2 mg/liter 

From 2 mg/liter 
through 20 
mg/liter 

Greater than 20 mg/liter 

 

Dermal LD50 

Up to and 
including 200 
mg/kg 

From 200 through 
2,000 mg/kg 

From 2,000 mg/kg 
through 20,000 
mg/kg 

Greater than 20,000 
mg/kg 

 

Eye Effects 

Corrosive, 
corneal 
opacity not 
reversible 
within 7 days 

Corneal opacity 
reversible within 7 
days; irritation 
persisting for 7 
days 

No corneal 
opacity; irritation 
reversible within 7 
days 

No irritation 

 

Skin Effects 

Corrosive Severe Irritation at 
72 hrs. 

Moderate Irritation 
at 72 hrs. 

Mild or Slight irritation at 
72 hrs. 
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* These pesticides have oral LD50’s >10,000 mg/kg body weight 
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Michigan Mosquito Control Association 
Public Information Kit 

 
INTRODUCTION 

 
Included in this informational packet are a number of fact sheets, sample news 
releases, and public service announcements all designed to provide you the user with a 
quick reference and examples for response to the public, in various mosquito control 
practices and mosquito borne diseases.  This public information material was compiled 
with cooperation of the Michigan Department of Community Health; the Michigan 
Department of Agriculture and gleaned from the daily operations of the various 
countywide districts operating within the state of Michigan.   Much of this information 
has been utilized by these districts for past mosquito disease notifications or for general 
information to the public whom they serve.  It is intended for use by newly formed 
districts, private companies and local public health departments as an aide to 
developing local mosquito control information for dissemination to the public.   
 
 
Known Diseases Transmitted by Mosquitoes in Michigan 
 
• Encephalitides – What are the Encephalitides? There are five different types of 

encephalitis that can be transmitted by mosquitoes to humans, birds, horses, dogs, 
reptiles and amphibians in Michigan.  The 5 types are: La Crosse (LAC); California 
(CE); St. Louis (SLE); Eastern Equine (EEE); Western (WEE); Venezuelan (VEE) 

  
Other mosquito borne diseases:  
 

• West Nile Virus (WNV) 
 
• Malaria 
 
• Yellow fever 
 
• Dengue 
 
• Dog Heart Worm (DHW) 
 
 
Eastern Equine Encephalitis –  
 
EEE is one of the types of Encephalitides, which is carried by mosquitoes to people and 
horses.   It is hard to believe that a single bite from a mosquito carrying the EEE virus 
can kill a horse or a person.  Children and older persons are the most seriously affected 
by EEE and have less chance of surviving. 
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EEE is an inflammation of the brain, which can cause permanent damage including 
mental retardation, behavioral changes, convulsive disorders and/or paralysis. The 
death rate (known as mortality rate) among humans who contract the disease is 50 to 
75 %.  Up to 95 % of the horses that become ill with EEE will die.   
 
DISEASE CARRIERS (VECTORS) 
 
Certain species of mosquitoes can carry disease, from hosts (such as migratory birds 
harboring the virus) to people, dogs, horses, etc.  A mosquito bites an infected bird and 
usually carries the virus the rest of its’ life.  Birds are the natural host for many of the 
viruses and can occasionally become ill or die themselves.  The most common bird 
carriers in Michigan are robins, sparrows, blackbirds, cardinals, wood thrushes and 
corvids such as blue jays and crows. 

 
All mosquito-borne viruses live and grow in the mosquitoes’ salivary glands.  Therefore, 
every time the insect seeks a blood meal or “bites”, the bitten individual whether 
mammal, amphibian, or reptile can become infected.  Only the female mosquito bites 
because she needs the protein in the blood to develop her eggs.   
   
 
HUMAN CASES OF EEE 
 
 In the past twenty-five years, approximately 80 cases of EEE have occurred in humans 
in the United States.  Michigan recorded its first human case in 1980.  A 13 year-old 
youth became critically ill and suffered serious permanent damage until he died 19 
months later.  The most recent human case occurred in 1997 in Saginaw, MI wherein a 
24-year-old young man contracted the disease in September and died in December.  
There have been numerous horse cases over the years, resulting in hundreds of horse 
deaths.  In 1992 a vaccine against EEE was developed for horses, however it is 
reported to be expensive.  There is no human vaccine for any of the Encephalitides.  
Local and state health officials monitor for this disease every year in Michigan. 
 
A MYSTERY  
 
It is not known how the various mosquito borne viruses came to Michigan.  Some 
experts think migratory birds bring it in from warm southern states each year.  Others 
think the virus has learned to survive somehow through the winter months, finding an 
over-wintering host.  Because horses and birds are more likely to contract these viruses 
than humans are, cases in horses and birds almost always precede cases in humans in 
a given area.   Local health officials, as well as local mosquito districts monitor for these 
diseases year round. 
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THE “NEWEST” OF THE MOSQUITO BORNE DISEASES 
 

WEST NILE VIRUS – 
 
What is West Nile Virus?  (WNV) is a mosquito borne disease and is closely related to 
St. Louis Encephalitis (SLE).  WNV is typically found in Africa Europe, and Asia 
(primarily countries bordering the Mediterranean Basin.)  However, in 1999 the first 
reported case in this hemisphere occurred and that year 87 humans in and around New 
York City were hospitalized and seven died.  In 2000, an additional two people died 
here in the U.S. and birds infected with WNV were found in all New England states, 
Pennsylvania, Ohio, Indiana and Canada.  In 2001, the first bird cases were reported in 
Michigan. That year 64 birds died confirmed with WNV here in Michigan, affecting 8 
counties in southeastern Michigan.  Primarily mosquitoes of the genus Culex transmit 
this virus; however, it has been isolated from 43 species of mosquitoes throughout the 
world.  In Michigan the common house mosquito, (Culex pipiens) is considered the 
principal vector species.  WNV has occasionally been reported also from ticks, most 
notably bird-feeding ticks (Ornithodoros and Argas spp.)     Culex pipiens are the 
principle mosquito species found in urban and suburban environments.  The larvae are 
commonly found in polluted waters.  These breeding sites are found in roadside ditches, 
catch basins (drains in the road), artificial containers (such as abandoned swimming 
pools, tires, tarps) or any container holding water.   
 
 
PREVENTION OF MOSQUITO BORNE DISEASE: 
 
Each citizen in Michigan plays an important part in protecting their families, themselves, 
their neighbors, and pets.  Remember, mosquitoes can be found everywhere, but tend 
to harbor in and around low swampy, forested areas. Therefore, for personal protection 
we suggest the following: 

 
- Avoid outdoor activities, especially in the early evening hours. 
- Wear protective clothing when mosquitoes are present. 
- Use insect repellant on exposed skin. 
- Keep windows screens and door screens in good repair. 
 

Also dumping out containers that hold water in and around your home and your 
neighborhood helps in the fight to eliminate breeding sites for the mosquitoes. 
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TO: ALL MEDIA 
 
FOR:           IMMEDIATE RELEASE 
 
CONTACT PERSON:           William J. Lechel II, Director 

Saginaw County Mosquito Abatement Commission 
211 Congress 
(989) 755-5752 

 
RE: AERIAL LARVICIDING PROGRAM FOR SPRING WOODLOT MOSQUITOES 

WITH 4 (four) FIXED WING AIRCRAFT COMMENCING SATURDAY APRIL 14, 
2001. 

 
The Saginaw County Mosquito Abatement Commission will be treating 45,000 acres 

of seasonally flooded woodlots for spring mosquitoes throughout Saginaw County beginning 
Saturday, April 14 thru Saturday, April 21, 2001.  This program is weather dependent and 
could be delayed or be extended.  The aircraft will not fly Easter Sunday until after 12:00 
noon. 
 

It is important to note that this treatment is for the control of early season mosquitoes 
which breed in wooded areas, in the pools of water left from snow melt and spring rains. 
These species are single generation mosquitoes, and their larvae have been developing in 
the woodland pools since mid-March.  The granular larviciding material is VECTOBAC 
GRANULES, a Bti serotype 14.  Valent BioScience manufactures the product. This 
formulation is on corncob granules manufactured to a 5-8 mesh size.  The product is 
applied at a dosage rate of 5 pounds per acre.  Bti, Bacillus thuringiensis, variety israelensis 
is a natural occurring soil bacillus and is not a chemical. 
 

Four fixed wing aircraft flying at 25 feet above the treetops will be used to complete 
treatment of all acreage.  The aerial contractor is Al’s Aerial Spraying of Ovid-Elsie, 
Michigan.  Two landing/loading sites will be utilized this year: Harry Browne Airport and a 
private airstrip, Fraser’s in St. Charles.  Four yellow identical looking turbine aircraft will be 
used.   
 

Citizens with any questions regarding treatment of their particular area can call the 
mosquito control office or their township offices.  Anyone not desiring aerial treatment of a 
seasonally flooded woodlot on his or her property, that has not informed the Mosquito 
Control office, should do so as soon as possible. 
 

SCMAC receives many requests from the media for pictures and interviews during 
the aerial treatment work period.  We appreciate this as we have a responsibility to inform 
the public concerning the mosquito control program and its procedures.  However, the 
treatment window is very short and in order to better accommodate these requests, we 
would appreciate it if your representative would contact SCMAC before Friday, April 13, 
2001, to set up a mutually convenient interview opportunity with staff and/or one of the 
pilots.  The public is welcome throughout the week to watch the landing/loading and take-off 
of the various aircraft at Harry Browne Airport located at 4821 Janes Road in Saginaw. 
 
ENCLOSURE: LABEL OF BTI PRODUCT    
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August 28, 2001 
 
NEWS RELEASE: For immediate release 
 
Contact person: William J. Lechel II 

Saginaw County Mosquito Abatement Commission 
989-755-5751 

 
Yesterday, August 27, 2001, the CDC Laboratory out of Fort Collins, Colorado 

reported a second negative test for St. Louis Encephalitis on blood sera from a live 
house sparrow trapped in Zilwaukee, MI.  Initial testing done at the Michigan State 
University Laboratory on the sample indicated a positive testing for St. Louis 
Encephalitis antigens.  The CDC testing is standard procedure, set up to eliminate any 
chances of a  “false positive” result in the initial testing.  Two confirming tests were 
conducted by CDC and both reported out negative. 
 
 “The disease surveillance program in place here at SCMAC in conjunction with 
the Laboratory at MSU is a good, reliable testing system.  As with any medical type 
tests, false positives can occur in any laboratory procedure, that is why confirmation 
testing is done by a separate laboratory” according to Bill Lechel, Director for the 
Saginaw County Mosquito Abatement Commission.  The Agency staff plans on 
continuing their year round disease surveillance program for all of the mosquito borne 
diseases historically found in Michigan.  These include Eastern Equine Encephalitis, St. 
Louis Encephalitis and most recently, West Nile Virus.   Beginning June 28, our agency 
has sent a total of (12) twelve dead birds, 10 crows, and 2 blue jays for testing.  To date 
nine of these have been reported negative for West Nile Virus, one was too 
decomposed for testing and two submitted this week are still pending results. 
 

In a related news release regarding mosquito borne disease, from Michigan 
Community Health and Michigan Department of Agriculture, an additional 6 crows have 
tested positive for West Nile Virus in the Detroit area. The infected crows were found in 
Southfield, Birmingham, and northern Detroit City, in the proximity of the state 
fairgrounds, Oak Park and two in Royal Oak.  This brings the total number of crows that 
have tested positive for the disease in Michigan to eight. 
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August 17, 2001 
 
NEWS RELEASE: For Immediate Release 
 
Contact Person: William J. Lechel II, Director 

989-755-5751 
 

The Saginaw County Mosquito Abatement Commission (SCMAC) conducts routine 
testing for a variety of mosquito borne diseases through their disease surveillance program 
in cooperation with Michigan State University. .  On Friday, August 10, 2001, Michigan State 
University’s laboratory reported a positive test on a bird trapped in Zilwaukee, MI. The initial 
lab findings indicate a high titer for St. Louis Encephalitis (SLE) antibodies in a juvenile 
house sparrow.  St. Louis encephalitis is an inflammation of the brain with symptoms that 
may include acute headaches, high fever and mental disturbances, which may result in 
confusion, irritability, coma, tremors and occasionally death.  The sample that tested 
positive for antibodies will be sent to Center for Disease Control (CDC), in Fort Collins, 
Colorado for confirmation testing.  
 

According to the SCMAC Director, Bill Lechel, this positive test, specific on a 
juvenile bird, is indicative that the bird has been bitten by a mosquito with St. 
Louis Encephalitis, here in Saginaw County this summer.  The species of 
mosquito that is known to transmit SLE is the Culex pipiens mosquito or the 
common, northern house mosquito.  Lechel added that when the Agency has a 
positive test such as this, a Disease Detection Emergency Plan is put into 
operation immediately.  This is a detailed planned response that calls for an 
immediate “ULV” adulticiding operation in the “detect area”. It is important to 
kill the adult vectoring mosquitoes before they can possibly transmit to 
humans.   The entire township and city of Zilwaukee was completed last Friday 
evening, and all adjacent areas, such as Kochville, Carrollton, Buena Vista, 
and Saginaw Townships were also sprayed.  This adulticiding will continue 
until the entire Saginaw County area is completed.  The detect area has 
already been treated twice.  

 
According to staff Biologist/Deputy Director, Randall Knepper, the Culex pipiens 

mosquitoes is known to feed on birds, however they also will bite humans.  In order to 
prevent mosquito borne disease transmission it is critical to eliminate as many adult 
mosquitoes as possible in a short period of time.   Additional trapping/surveillance is taking 
place in the surrounding areas to monitor the situation.    
 

Citizens are encouraged only to take precautions against being bitten by 
mosquitoes. If mosquitoes are present, it is suggested that people seek shelter inside or 
wear long sleeve shirts, long pants and follow label directions using a repellant containing 
DEET.  To prevent mosquitoes from breeding in your yard, citizens are encouraged to 
remove or dump out any containers that hold water, i.e., tarps, boats, toys, tires buckets, 
and keep eave troughs clear of debris.   

   
Citizens with questions may call the SCMAC office at 989-755-5751. 
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DEFINITIONS OF 
KEY MOSQUITO-RELATED WORDS: 

 
Abdomen - The last of the three main body portions of a mosquito. 
 
Adulticide - Treatment to kill adult mosquitoes 
 
Ague  - Malarial fever, or any other severe recurrent symptom of malarial 

origin. 
 
Amplification - Susceptible wild birds bitten by infected mosquitoes, which in turn 

become infected 
 

Antennae - A pair of long jointed sense organs, attached to the front of the 
head.  The female mosquito’s antenna has only a few, fine, short 
hairs sticking out at each joint.  The male mosquito’s antennae 
have many coarser, long hairs sticking out at each joint. 

 
Anteroventrally - In the front and underneath or on the lower side 
 
Antibody - Any substance formed in the blood, which reacts with a specific 

antigen, or inactivates or destroys toxins. 
 
Aphasia - Loss of power of expression by speech, writing, or signs, or of 

comprehending spoken or written language, due to injury or 
disease of the brain centers. 

 
Apically - Pertaining to or located at the apex. 
 
Arboviral - Pertaining to a group of viruses including the causative agents of 

yellow fever, virus encephalitides, and certain febrile infections 
such as dengue, which are transmitted to man by various 
arthropods, including mosquitoes and ticks;  those transmitted by 
ticks are often considered in a separate category (tick-borne 
viruses). 

 
Arthropod Vector -  A member of the phylum Arthropoda which includes Crustacea, 

Myriopoda, Insecta, and Archnoidea, which carries pathogenic 
organisms. 

 
Artificial Containers – Anything that will hold water and can be used by mosquitoes as a  
   breeding site. (rain catchers) 
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Aseptic Meningitis – Inflammation of the brain or spinal cord where pathogenic 
organisms are absent. 

 
Basally - The part of a leg/abdominal segment which is nearest to the thorax. 
 
Bioassay - A test to determine the toxicity of a substance on an organism. 
 
Cephalothorax - The body region formed by fusion of head and thorax in Archnida 

and Crustacea. 
 
Cerci  - A pair of small parts sticking out of the tip of the abdomen of 

mosquitoes. 
 
Cerebrospinal Fluid - Fluid of the brain and spinal cord where pathogenic organisms are 

absent. 
 
Coxa & - The socket joints by which a leg is attached to the thorax. 
Trochanter 
 
Culicidae - The scientific family name of the mosquito. 
 
Debris  - An accumulation of material, sticks, leaves, etc. 
 
Dessication - Some mosquito species deposit their eggs in a dry area. These 

eggs are able to survive dry conditions and will hatch when  
exposed to water  The act of drying up. 

 
Diapause - A period of biological quiescence or dormancy; an interval in which  

development is arrested or greatly slowed. 
 
Diptera - The order of insects that includes flies, gnats, and mosquitoes. 
 
Dorsal  - Top portion, i.e., the top of the abdomen. 
 
Edema - An accumulation of an excessive amount of fluid in cells, 

 tissues, or serous cavities. 
 
Egg raft - A group of eggs deposited by a single female mosquito that are  

stuck together and float on the surface of water. 
 
Encephalitis  - Inflammation of the brain. 
 
Encephalomyelitis - An acute inflammation of both brain and spinal cord. 
 
Endemic - Present in a human community at all times, but occurring in only 

small  numbers of cases. 
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Entomology - The field of science that studies insects.  
 
Enzootic - Area in which a disease is most likely to be found 
 
Epidemiology - The field of science dealing with the relationships of the various  

factors which determine the frequencies and distributions of an  
infectious process, a disease, or physiological state in a human  
community. 

 
Epizootics - An actual occurrence of a disease.   
 
Equine - Pertaining to horses. 
 
Exoskeleton - The hard outer, protective covering of insects. 
 
Febrile - Relating to fever. 
 
Femur  - The first (or basal) large portion (or segment) of a leg, i.e., the 

thigh. 
 
Halteres - A pair of small knobbed parts located in back of the wings on the 

thorax.  In ancient times, they were wings.  They are the balancers 
of flies and mosquitoes. 

 
Insecticide - A chemical or biological formulation used to control insects. 
 
Instar   - Any one of the larval stages of an insect between molts.  
 
Larva  - (pl. larvae) The aquatic feeding stage of immature mosquitoes. 
 
Larvicide - Treatment to kill mosquito larvae. 
 
Lateral - Side portion, i.e., the side of the abdomen. 
 
LD50  - The dose of an active ingredient that is expected to cause death in 

50% of the test animals treated. 
 
Meningoencephalitis - Inflammation of the brain and its membranes. 
 
Metamorphosis - The life cycle changes an insect goes through in its development. 
 
Microfilariae - The embryo of Filariae. 
 
Midgut - The middle portion of the alimentary tract. 
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Molt  - Shedding of the exoskeleton as part of the growth process.   
                                                                                                     
Moribund - Dying 
 
Necropsy - Autopsy, an examination of the body after death. 
 
Neurologic Sequelae - A pathologic condition resulting from a disease of the nervous 

system. 
 
Organophosphates - A class of insecticides which contain phosphorus, they are initially 

toxic but degrade quickly when exposed to air and light. 
 
Overwintering - Surviving through the winter. 
 
Oviposition - The act of laying or depositing eggs. 
 
Palpi  - A pair of sense organs extending from the head of a mosquito, 

above and at the sides of the proboscis. 
 
Passiform - An order of birds which includes perching birds and songbirds such 

as jays, blackbirds, finches, warblers, and sparrows. 
 
Pathogen - Any disease producing microorganism or material. 
 
Pesticide - A chemical or biological formulation used to control pests. 
 
Predaceous - Living by seizing or taking prey; predatory. 
 
Proboscis - The mouth parts of a mosquito which are formed into a long slender 

beak.  It is attached to the front of the head between the eyes, 
below the palpi and antenna. 

 
Propagation - Reproduction; generation. 
 
Pupa  - (pl. pupae) The aquatic non-feeding stage of immature mosquitoes. 
 
Pyrethrins - Insecticides that are derived from the extract of chrysanthemum 

flowers. 
 
Pyrethroids - Synthetic (man made) forms of pyrethrins. 
 
Pyrethrums - The plant extract that contains pyrethrin I and pyrethrin II 

collectively, called pyrethrins. 
 
Receding - To draw back, as floodwaters returning to the stream channel. 
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Residua - (Singular – residuum) residue or remainder.  
 
Resistance - The level of immunity an organism has for a particular substance. 
 
Scales - Attached to the body of the mosquito are many small parts.  When 

they are long and slender, they are called hairs.  Heavy hairs are 
called bristles.  When these are heavy and pointed, they are called 
spines.  When they are flattened out and thin, they are called 
scales. 

 
Scientific name - The proper name used by scientists to refer to any plant or animal. 
 
Scutellum - A small plate-like growth in the dorsal (top) of a mosquito between 

the thorax and abdomen. 
 

Sequelae - (Singular – sequela) morbid condition following or as a  
consequence of a disease. 

 
Serology - The branch of science dealing with serum, especially with specific 

immune or lytic serums. 
 

Seropositive - Showing positive results on serological examination. 
 

Siphon - The breathing tube of a mosquito larvae. 
 
Species - A category of biological classification ranking immediately below  

the genus or subgenus, comprising related organisms or  
populations potentially capable of interbreeding.  

 
Spiracles - The openings through which a mosquito breathes, i.e. our nose 

holes.  A mosquito has two on each side of the thorax.  The front 
spiracle is used in identification. 

 
Subclinical - Without clinical manifestations; said of the early stages, or a slight  

degree of a disease. 
 
Susceptible - Easily affected by diseases or poisons, not resistant. 
 
Tarsal  - One of the five segments of a mosquito’s tarsus or foot. 
Segment 
 
Tarsi  - The feet of the mosquito. 
 
Tarsus - The last portion of a leg (the foot of the mosquito). 
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Tegula - A small bump on the underside of the base of the wing of a culiseta 
mosquito.  It has a number of small bristles. 

 
Thorax - The middle portion of a mosquito in which one pair of wings and 

three pairs of legs are attached. 
 
Tibia  - The second (middle) or large portion of a leg, i.e., our shin. 
 
Translucent - Semi-transparent; almost clear enough to see through. 
 
Transmission - The transfer of a disease. 
 
Transovarian - The mechanism whereby virus is transferred directly from an 
 transmission  infected mosquito to her offspring through the egg. 
 
Trumpets - Two breathing tubes of the mosquito pupa. 
 
Tumbler - The nickname of mosquito pupa.  Pupa are called tumblers  

because of the way they move in water. 
 
Vector  - An insect that can carry a disease from one animal to another 

 animal (or human). 
 

Viremia - The presence of viruses in the blood. 
 

Virus  - One of a group of minute infectious agents, with certain exceptions  
not resolved in the light of a microscope, and characterized by a  
lack of independent metabolism and by the ability to replicate only 
within living hosts. 

 
Water  - * Fresh - Clear, clean water of recent occurrence. 
    
   * Stagnant -  Water which has set in one place for a long 

time. 
    
   * Foul  - Water which is contaminated with filth of 

various kinds. 
 
   * Polluted - Water which contains a large amount of 

sewage and similar material. 
 
Wriggler - The nickname of mosquito larva.  Larva are call wrigglers because  
   of the way they move in water.  
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CHARACTERISTICS 
OF COMMON MICHIGAN MOSQUITOES 

 
COMPARISON OF MOSQUITO CHARACTERISTICS 
 

JC – Jamestown Canyon LAC – LaCross     DHW – Dog Heartworm WEE – Western Equine 
SLE – St. Louis Encephalitis EEE – Eastern Equine Encephalitis  WN – West Nile 
 
Scientific Name 
(Genus)             (Species) 

Disease 
Association 

Feeding  
Preference 

 
Habitat 

 
Eggs 

 
Broods/Year 

Overwinter 
Stage 

Effective 
Flight 
Range 

Aedes cinereus DHW, JC, 
EEE, LAC 

Mammals Woodland 
pools, bogs, 
marshes 

Singly on 
low, damp 
surface 

One  Limited 

 vexans EEE, WEE, 
DHW 

Mammals Temporary 
pools 

Laid in or 
on soil in 
low lying 
areas 

Several Eggs 5 to 10 
miles 

Anopheles barberi  Mammals Tree holes & 
stump holes 

Singly on 
water 
surface 

2 or more Larvae  

 crucians  Mammals Ponds, 
swamps, 
semi-
permanent 
and 
permanent 
pools 

Singly on 
water 
surface 

2 or more Larvae  

 earlei  Mammals Fresh water 
marshes 
partially 
shaded 

Singly on 
water 
surface 

One Adult 
female 

1 to 2 
miles 

 perplexens  Mammals Semi-
permanent to 
permanent 
pools, lakes, 
& swamps 

  Adults  

 punctipennis JC, DHW, 
Malaria 

Mammals A wide variety 
of ground 
water 
accumulations 
which are cool 
& clean 

Laid singly 
on water 
surface 

Several Adult 
female 

1 to 2 
miles 

 quadrimaculatus DHW, JC, 
Malaria 

Mammals Permanent 
fresh water 
with 
herbaceous 
surface 
growth 

Singly on 
water 

 Several Adult 
female  

1 mile 

 walkeri Malaria, 
DHW 

Mammals, 
wild & 
domestic 
animals 

Fresh water 
with emergent 
vegetation 

Singly on 
water 
surface 

Several Eggs 1 to 2 
miles 

Coquillettidia  perturbans EEE Mammals, 
birds 

Permanent 
bogs, 
marshes with 
heavy aquatic 
vegetation 

Rafts on 
water 

One 
irregular 

As larvae 
attached 
to plant 
roots 

1 to 5 
miles 

Culex erraticus  Birds, 
mammals 

Grassy 
margins of 
ponds, 
marshes & 
lakes 

Rafts on 
water 

Several Adult 
female 

 

 pipiens SLE, WN, 
EEE, DHW 

Birds, 
mammals 

Foul ground 
water & 

Rafts on 
water 

Several Adult 
female 

1 mile or 
more 
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JC – Jamestown Canyon LAC – LaCross     DHW – Dog Heartworm WEE – Western Equine 
SLE – St. Louis Encephalitis EEE – Eastern Equine Encephalitis  WN – West Nile 
 
Scientific Name 
(Genus)             (Species) 

Disease 
Association 

Feeding  
Preference 

 
Habitat 

 
Eggs 

 
Broods/Year 

Overwinter 
Stage 

Effective 
Flight 
Range 

containers 
 peccator   Stream pools 

& marshes 
Rafts on 
water 

Several Adult 
female 

 

 restuans EEE, SLE, 
WEE, WN, 
DHW 

Birds; rarely 
bite 
mammals 

Ditches, 
woodland 
pools, 
containers 

Rafts on 
water 

Several Adult 
female 

1 mile 

 salinarius SLE, EEE, 
WN 

Birds, 
mammals 

Fresh or foul 
pools, ditches 

Rafts on 
water 

Several  Adult 
female 

 

 tarsalis EEE, SLE, 
WEE, CE, 
WN 

Birds, 
mammals 

Clean or foul 
ground water, 
containers 

Rafts on 
water 

Several Adult 
female 

1 mile 

 territans EEE Cold-
blooded 
vertebrates 
esp. frogs 

Semi-
permanent to 
permanent 
clean ground 
water pools 

Rafts on 
water 

Several Adult 
female  

1 mile 

Culiseta impatiens  Mammals Semi-
permanent 
ponds, & bog 
pools 

Rafts on 
water 

One or 
more  

Adult 
female 

 

 inornata SLE, WEE, 
EEE 

Large 
mammals 

Ground pools, 
brackish & 
alkaline 

In pasture 
pools, semi-
permanent 
water  

One or 
more 

Adult 
female 

 

 melanura EEE, CE Birds Small 
permanent 
bodies of 
water 

Laid on 
water 
surface 

Several Larvae 100 to 
1000 
yards 

 minnesotae EEE, CE Birds, small 
mammals 

  One or 
more  

Adult 
female 

 

 morsitans EEE Probably 
birds 

Temporary 
cold rain 
water pools, 
marshes 

On damp 
earth or just 
above 
water level 

One Larvae  

Ochlerotatus abserratus  Mammals Woodland 
pools 

Singly on 
low, damp 
ground 

One Eggs  

 atropalpus WN Mammals Rock pools Singly 
above 
water level 

Several Eggs Limited 

 aurifer  Mammals Temporary 
pools, peat 
bogs 

 One Eggs ½ mile 

 campestris  Mammals Temporary 
vernal pools 

 One in north 
part of 
range; 2 or 
more in 
south 

Eggs  

 canadensis DHW, JC, 
EEE 

Birds, 
mammals, 
amphibians, 
reptiles 

Temporary 
shaded 
woodland 
pools 

Singly on 
low, damp 
surface 

One Eggs ½ mile 

 communis  Mammals Woodland 
pools with 
high organic 
content 

Laid under 
leaves in 
dry beds of 
vernal 
woodland 
pools 

One Eggs  

 decticus  Mammals Sphagnum 
bog pools 

  Eggs  

 diantaeus  Mammals Woodland  One Eggs  
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JC – Jamestown Canyon LAC – LaCross     DHW – Dog Heartworm WEE – Western Equine 
SLE – St. Louis Encephalitis EEE – Eastern Equine Encephalitis  WN – West Nile 
 
Scientific Name 
(Genus)             (Species) 

Disease 
Association 

Feeding  
Preference 

 
Habitat 

 
Eggs 

 
Broods/Year 

Overwinter 
Stage 

Effective 
Flight 
Range 

vernal pools 
 dorsalis SLE, WEE, 

JC, DHW 
Mammals & 
serious 
human pest 

Brackish & 
fresh water 

Laid above 
flood water 
& 
temporary 
pool levels 
subject to 
flooding 

Several Eggs 10-20 
miles or 
more 

 dupreii   Temporary 
woodland 
rainwater 
pools 

  Eggs  

 euedes   Large, open 
woodland 
pools 

 One Eggs  

 JC, DHW Mammals Woodland & 
semi-
permanent 
swamps & 
marshes 

Laid singly 
on damp 
earth 

One Eggs ½ mile 

 fitchii JC, DHW Mammals Mud at edge 
of pool 

Laid on 
damp earth 

One Eggs ± 1 mile 

 flavescens  Mammals Temporary & 
semi-
permanent 
pools in 
meadows & 
marshes 

 One Eggs Limited 

 grossbecki  Mammals Woodland 
pools in early 
spring 

Singly on 
damp, low 
surface 

One Eggs ½ mile 

 hendersoni  Mammals Tree holes, 
containers, 
prefer canopy 
of trees 

Laid above 
water level 

Several  Eggs ± 1 mile 

 impiger  Mammals Snow-melt 
pools 

On soil or in 
soil cracks 
in dried 
pool beds 

Probably 
one 

Eggs  

 implicatus  Mammals Temporary 
forest pools & 
floodplains 

 One Eggs  

 intrudens  Mammals Wood pools, 
open bogs& 
marshes 

 One Eggs  

 mitchellae  Mammals Temporary 
rain pools 

  Eggs  

 provocans  Mammals Snow-melt 
pools & other 
semi-
permanent 
marshes 

 One Eggs  

 punctor JC Mammals Snow-melt 
pools 

Singly on 
low, damp 
depressions 

One Eggs  

 riparius  Mammals Spring pools  One Eggs  
 sollicitans EEE, JC, 

WEE, WN, 
DHW 

Mammals, 
birds 

Salt & 
brackish 
marshes 

Singly on 
ground 

Several Eggs 100 
miles or 
more 

 spencerii  Mammals Temporary 
rain & snow-
melt pools 

 2 or 3 if 
weather is 
favorable 

Eggs Several 
miles 

excrucians 
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JC – Jamestown Canyon LAC – LaCross     DHW – Dog Heartworm WEE – Western Equine 
SLE – St. Louis Encephalitis EEE – Eastern Equine Encephalitis  WN – West Nile 
 
Scientific Name 
(Genus)             (Species) 

Disease 
Association 

Feeding  
Preference 

 
Habitat 

 
Eggs 

 
Broods/Year 

Overwinter 
Stage 

Effective 
Flight 
Range 

 sticticus JC, DHW Mammals Floodwater 
pools in river 
floodplains 

Singly on 
low, damp 
surfaces 

One, 
possibly 
more 

Eggs 4 miles 

 stimulans DHW, JC Mammals Temporary & 
vernal 
woodland 
pools 

Laid on 
damp soil  

One Eggs 2 miles 

 triseriatus DHW, LAC Mammals Treeholes 
(prefer basal 
part of tree), 
containers 

Laid singly 
above 
water level 

Several Eggs ½ to 1 
mile 

 trivittatus JC, DHW Mammals Floodwater & 
woodland 
pools 

Singly on 
damp, low 
surface 

Several Eggs ½ mile 

Orthopodomyia alba  Probably 
birds 

Tree holes, 
containers 

Singly on 
walls just 
above 
water line 

Probably 
one 

Larvae  

 signifera  Birds Tree holes, 
containers 

Singly on 
walls just 
above 
water line 

 Larvae  

Psorophora ciliata SLE Mammals 
(predaceous 
& 
cannibalistic 
as larvae) 

Unshaded 
temporary 
rain pools 

Damp earth 
or edge of 
container 

Several Eggs  

 ferox  Mammals Temporary 
rain filled 
pools 

Damp earth 
in low areas 
subject to 
flooding  

Several Eggs  

Uranotaenia sapphirina  Rarely 
mammals 

Semi-
permanent & 
permanent 
water with 
floating 
vegetation 

Rafts on 
surface 
water 

Several Adult 
females 

Up to 8 
miles 

Wyeomyia smithii  Rarely 
humands 

Water filled 
leaves of 
pitcher plant  

Leaves of 
pitcher 
plant 

Several Larvae  

 
 
 
Note: Although this table indicates the possibility that many species can potentially vector different diseases, the efficiency with 
which this happens may actually be extremely low. This is referred to as vector competence. Genetic, chemical and physiological 
traits that vary by species will affect the window of time that a virus remains viable for transmission in a given species. Species such 
as Coquillettidia perturbans, Culex pipiens or Culiseta melanura are generally more competent vectors and are therefore submitted 
for arbovirus testing. Species, such as Aedes vexans, exhibit lower competence but sheer population numbers increase the odds of 
an infected individual insect being present and this may make them an important consideration in testing. Other species, such as 
Aedes cinereus, exhibit a low degree of competence and low population density and are not usually worth submitting for analysis.   
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