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ABSTRACT Historically,malariawas a signiÞcant cause ofmorbidity andmortality throughout the
western United States, and Anopheles freeborni Aitken was thought to be the vector west of the
Continental Divide. In 1989, Anopheles hermsi Barr & Guptavanij was described and subsequently
found to be an effective laboratory vector of Plasmodium. The adults of these two species are
morphologically indistinguishable, and therefore polymerase chain reaction was used to analyze the
DNA from 48 mosquitoes collected in Arizona and Colorado (identiÞed morphologically as An.
freeborni). All specimens were identiÞed as An. hermsi. This was the Þrst report of An. hermsi in
Arizona and Colorado and indicated that this Anopheles species historically may have been a malaria
vector in these two western states.
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HISTORICALLY, MALARIA WAS a signiÞcant cause of mor-
bidity and mortality throughout the United States.
Although the hyperendemic level in the Mississippi,
Ohio, and Missouri River Valleys and along the At-
lantic Coast epitomized the American malarial expe-
rience (Barber 1929, Boyd 1941, Ackerknecht 1945,
Drake 1964), the disease also has an important legacy
in the western United States (Faust 1941, 1945, 1951),
where it was endemic along the PaciÞc Coast as well
as in towns, military posts, mining camps, and Indian
reservations on the American Frontier. Despite Ari-
zonaÕs arid climate, malaria was a frequent problem
throughout the state during the 19th century. United
States Army medical records, for example, reported
that “intermittent fever,” a common medical term for
malaria during this period, was one the most frequent
causes of morbidity among troops at several Army
posts (Billings 1870, 1875; Fink 1998). Discerning the
cause of an 1876 outbreak of the disease at Camp
Lowell, located near Tucson, was one of the Þrst
duties of a young physician named Walter Reed
(Quebbemen 1966). Detailed historic accounts sug-
gested thatmany civilian communities, includingTuc-
son, Wickenberg, and Obed, also were affected (Mc-
Clintock 1921, Quebbemen 1966).

The incidence of endemic malaria declined sharply
after World War I, and ceased to be a major public
health problem in the United States after World War
II. However, sporadic autochthonous cases continue
to occur. Between 1957 and 1994, 56 outbreaks involv-
ing one ormore cases ofmosquito-transmittedmalaria

were reported in the United States (Zucker 1996).
California alone accounted for 79 cases between 1974
and 1990 (CDC 1991, Roberto 1991).

Although human malaria does not appear to have
been present in the New World before 1492 (Dunn
1965), endemic transmission was facilitated by effec-
tive native anopheline vectors (Simmons 1941, Aitken
1945), such as Anopheles freeborni Aitken in the west-
ernUnitedStates(KingandBradley1941,Aitken1945,
Bohart and Washino 1978). However, recent studies
associatedwith autochthonousmalaria transmission in
California (Zucker 1996) indicate that Anopheles
hermsi Barr & Guptavanij may be a more important
malaria vector than An. freeborni (Fritz and Washino
1993). This species was described in 1988 (Barr and
Guptavanij 1988) and initially was thought to be re-
stricted geographically to areas in California south of
the Tehachapi Mountains (Porter and Collins 1990).
Subsequently, its distribution was found to include
much of northern California and New Mexico (Fritz
and Washino 1993). Laboratory studies have shown
An. hermsi to be a competent vector of Plasmodium
vivax (Porter and Collins 1990), indicating that An.
hermsi may have been involved in recent outbreaks of
malaria in California as well as in historical outbreaks
along the Rio Grande River in New Mexico (Roberto
1991, Fritz and Washino 1993).

Adults of An. hermsi and An. freeborni are morpho-
logically indistinguishable (Barr and Guptavanij 1988,
Collins et al. 1990, Fritz et al. 1991, Porter and Collins
1991), confounding previous distribution records. Re-
cent advances in molecular genetics provided im-
proved tools for the identiÞcation of these two mos-
quito species. In particular, sequence analysis of DNA
amplicons generated by polymerase chain reaction
(PCR) may be used for differential identiÞcation, be-
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cause An. freeborni and An. hermsi have unique dif-
ferences in their ribosomal DNA (rDNA) regions,
speciÞcally in the restriction fragment patterns of
rDNA (Porter and Collins 1991).

The distribution of An. hermsi outside of California
andNewMexicohasneverbeen investigated.Because
malaria was a common health problem in Arizona, we
decided to determine the geographic distribution of
An. freeborni and An. hermsi in this state using PCR.

Materials and Methods

Mosquito Collection and Initial Identification.
Mosquitoes were collected from July 1995 to Septem-
ber 1997 from the sites listed in Table 1. Arizona
collection sites were selected on the basis of historic
accounts of malaria transmission. Mosquito samples
from Colorado were collected as part of another
project.

Mosquitoes were collected with CDC miniature
light traps baited with dry ice and transported to the
Medical Entomology Laboratory at the University of
Arizona where they were identiÞed to species using
the keys in Darsie and Ward (1981). Those identiÞed
as “An. freeborni” were retained for PCR analysis.

DNA Extraction and Diagnostic PCR. The phenol-
chloroform DNA extraction and PCR procedures
weredescribedbyPorter andCollins (1991).A350-bp
and a 900-bp product were diagnostic for An. hermsi
and An. freeborni, respectively.

Positive controls of An. freeborni and An. hermsi for
PCR analysis were supplied by D. A. Lemenager (Sut-
ter-Yuba Mosquito Abatement District, California)
andK.K.Fujioka(SanGabrielValleyMosquitoAbate-
ment District, California), respectively.

Results and Discussion

Mosquito Collections. Forty-eight mosquitoes were
collected at eight sites throughout Arizona and Col-
orado, identiÞedmorphologically asAn. freeborni (Ta-
ble 1), and analyzed by PCR.

SpeciesDiagnosticPCR.ThePCRassay initiallywas
executed using the primers and reaction conditions
described previously by Porter and Collins (1991).
Preliminary studies using positive controls for both
species resulted in a 350-bpproduct forAn. hermsi,but

no discernible product for An. freeborni. Because re-
sults could be attained for An. hermsi, it was surmised
that one of the primers designed to amplify An. free-
borni DNA was confounding the assay. Multiple re-
actions using different parameters and primer combi-
nations resulted in the same negative result and
indicated that the An. freeborni ITS2 (59-TTAC-
CCAACCACACACTG-39) primer was confounding
the reaction. A new primer for the An. freeborni ITS2
region (59-GAAGCACCTACTCCG-39) based on the
published An. freeborni DNA sequence (Genbank ac-
cession #M64484) was designed to amplify across the
target region of the original primer allowing for direct
sequencing and comparison. Upon use of the new
primer, a 950-bp band was obtained for the An. free-
borni control. This PCR product was sequenced and
conformed well to the published An. freeborni se-
quence.

All 48 wild-caught mosquitoes were identiÞed as An
hermsi.Wesurmised that inArizonaandColorado,An.
hermsi was found in environments similar to those
where it was found in New Mexico and California.
Existing literature reported that An. freeborni was dis-
tributedwidely throughoutArizonaandsouthernCol-
orado (Aitken 1945); however, Fritz and Washino
(1993) suggested that these specimens actually were
An. hermsi.

Anopheles freeborni was not found in our samples
fromArizonaorColorado. It is possible thatwemerely
failed to collect An. freeborni, and therefore its occur-
rence in Arizona and Colorado cannot be completely
ruled out. Alternatively, previous reports of An. free-
borni from these states (Aitken 1945) were actually
An. hermsi as suggested by Fritz and Washino (1993).
Our results supported this hypothesis, and we believe
that An. hermsi may have been the vector of malaria in
Arizona during the late 19th century. Three of our
collection sites previously were considered malarious.
In 1867, troops stationed at Camp Wallen suffered
from an outbreak of malaria (Fink 1998), whereas the
old Mormon settlement of Obed, located near present
day Joseph City and Cholla Lake, probably was aban-
doned in 1877 due to the disease (McClintock 1921).

Because of the recent advent and interest in con-
structed wetlands as well as the revitalization of ri-
parian areas in Arizona, these records provide insight
on the potential receptivity for malaria in these areas.

Table 1. Mosquito collection locations and results

Site State Lat:Long No. specimens

Ruins of Camp Wallen (near Elgin)a Arizona N31 379 300 W110 309 000 11
Hereforda Arizona N31 229 300 W110 009 000 2
Cholla Lake (near Joseph City)b Arizona N33 229 300 W113 459 000 11
Joseph Cityb Arizona N34 529 300 W110 159 000 3
Canelob Arizona N31 229 300 W110 309 000 8
Fort Collins areab Colorado N40 309 000 W105 009 000 4
Trail Canyon (near Cortez)b Colorado N37 079 300 W108 159 000 6
Mancos River (near Mancos)b Colorado N37 159 000 W108 159 000 3

Total 48

a Collected in 1995.
b Collected in 1997.
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Of paramount importance is the construction of wet-
lands in rural settings, where the vector has remained
present at low levels. The mosquito habitat associated
with wetlands could provide the signiÞcant reemer-
gence of a historical nuisance pest and competent
malaria vector.
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