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BLOOD MEAL IDENTIFICATION FROM FLORIDA MOSQUITOES
(DIPTERA: CULICIDAE)

STACEY L. WATTS, DANIEL M. FITZPATRICK AND JAMES E. MARUNIAK
Department of Entomology and Nematology, University of Florida, P.O. Box 110620, Gainesville FL, 32611-0620

ABSTRACT

Mosquitoes from different species endemic to North Florida were collected over a 12-month
period, and blood meal analyses were conducted on engorged females to determine the range
of vertebrate hosts each species fed on. Thirty-one mosquito blood meals from 6 mosquito
species were identified, and blood meal hosts identified included horse, cow, armadillo, deer,
raccoon, rabbit, and owl. Several mosquitoes captured in the study should be considered po-
tential bridge vectors for encephalitis viruses considering their ubiquity, their preference for
mammalian blood meals, and their competence as viral vectors.

Key Words: host identification, host preference, Alachua County, Florida, polymerase chain
reaction, viral vectors

RESUMEN

Varias especies endémicas de mosquitos de la region norte de Florida fueron colectadas du-
rante un periodo de 12 meses y la comida de sangre de hembras fue analizada para deter-
minar los hospederos de los cuales los mosquitos se habian alimentado. Un total de treinta
y una comidas de sangre obtenidas de seis diferentes especies de mosquitos identificaron a
los siguientes hospederos: caballo, vaca, armadillo, ciervos, mapache, conejo, y bitho. Varios
de los mosquitos capturados en este estudio pueden considerarse vectores potenciales de vi-
rus de encefalitis debido a su omnipresencia, su preferencia por sangre de mamiferos, y por

ser vectores virales competentes.

Translation provided by the authors.

Mosquitoes vector a variety of pathogens of
medical and veterinary importance. Growing con-
cern over the spread of West Nile virus (WNV)
and related encephalitis viruses has prompted ex-
tensive investigation into the host-feeding pat-
terns and preferences, as well as vectoral capaci-
ties, of pests now viewed mainly as cosmopolitan
nuisances (Sardelis et al. 2001; Turell et al. 2005;
Rodrigues & Maruniak 2006; Molaei et al. 2008).
Host-feeding patterns and preferences vary ac-
cording to a number of innate, seasonal, and envi-
ronmental tendencies, including host availability
and abundance, flight behavior and feeding peri-
odicity of mosquitoes (Molaei et al. 2008) as well
as by region (Turell et al. 2005). The current study
sought to collect an array of mosquito species na-
tive to North Florida over a 12-month period and
identify the range of vertebrate hosts that those
mosquitoes fed on through blood meal analysis.

MATERIALS AND METHODS

Mosquito Collection and Identification

Mosquitoes were collected in CO,-baited Cen-
ter for Disease Control (CDC) light traps (John W.
Hock, Gainesville, FL) from May 2006 through
Apr 2007 from 11 sites in Alachua County, Flor-

ida. The habitats chosen were sampled due to
proximity either to aquatic environments or to
habitats of suspected vertebrate hosts. Traps were
placed on site in late afternoon and collected the
next morning, approximately 18 h later. Captured
mosquitoes were transferred to the University of
Florida while still alive in mesh collection bags
from the trap, placed in a -70°C freezer to eutha-
nize them, and stored in the freezer until subse-
quent identification and processing. Mosquitoes
were sorted by species as described in Darsie &
Morris (2003) on a -20°C chill-table, and those
without apparent blood meals were pooled in
groups of up to 25 in sterile microcentrifuge tubes,
while female mosquito abdomens with apparent
blood meals were homogenized individually.

PCR Amplification and Sequencing of Mosquito Blood
Meals

DNA was extracted with the DNAzol® Direct
Extraction Kit (MRC, Cincinnati, OH). Poly-
merase chain reactions (PCR) were conducted on
extracted DNA with vertebrate-specific primer
sets and cycling conditions described in Cupp et
al. (2004) that preferentially amplified a 290-bp
region from the cytochrome b gene within the mi-
tochondrial DNA of vertebrates. Briefly, the PCR
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reactions were conducted in 50 uL reactions with &b
the following reagents: 5.0 uL of 10X reaction . g ~
buffer (600 mM Tris-HC1 pH 8.5, 150 mM % | E £ §57
(NH,),S0,, 35 mM MgCl,), 0.2 mM dNTPs, 25 g1° - EER
pmol of each primer, 2.5 units of Tag Polymerase s %7& §
(Invitrogen, Carlsbad, CA) and 2.5 uL of DNA 3 £ 8
template. If 290 bp amplicons were not produced ~ g _ S22
or were not able to be identified, a second PCR 218 > £TAR
was conducted with mammalian-specific primer g é - BB &
sets and cycling conditions described in Ngo & 2 ;fﬁ
Kramer (2003) to preferentially amplify a 772-bp = g‘é §
region from the cytochrome b gene. Briefly, the S i - i~ Sl
PCR reactions were conducted in 25 uL reactions 8, 7 fg > 2R
with the following reagents: 2.5 uL of 10X reac- & | § | 8 R 5 Zf/
tion buffer (200 mM Tris-HCl pH 8.4, 500 mM & |~ o = Y 2
KCl), 3.0 mM MgCl,, 0.5 mM dNTPs, 5.0 pmol of 2 | 3 EES
each primer, 1.25 units of Taq Polymerase, and g § ~ EE’%
2.5 uL of blood meal DNA template. Agarose gel 2|28 gf _ K § ®
electrophoresis was used to separate amplicons, E zZ | a s & s
and DNA was purified from excised bands with S | PN HE S
the expected size with QIAquick columns & | S moT
(QIAGEN, Valencia, CA). Fragments were se- S | @2 g0 E
quenced with BigDye Terminator Sequencing 3 21 g g 5 i
Ready Reaction Kits (Applied Biosystems, Foster B | % g = gon
City, CA) at the Interdisciplinary Center for Bio- 2 | 2 | 4 T3
technology Research at the University of Florida. Z | = EX %
Sequences were analyzed and edited with Se- z 3 s ET\:B
quencher™ software (Gene Codes Co., Ann Arbor, a | E g | o = %‘i;
MI), and were compared with the GenBank data- E 21313 22| 558
base entries by the BLAST program from NCBI E |3 et R B
(http://blast.ncbi.nlm.nih.gov) to identify the ver- % 3 294
tebrate host on which each mosquito had fed. @ |8 o | =88
S|Elg|585 &[5
Bl 258584 S| 8WE
RESULTS 5122|388 5|8y
. . o Sor o |del
Sixty-one of the 45,692 mosquitoes collected 5 HEg
showed apparent blood meals. Upon amplifica- g %Eg
tion, 57 of those 61 samples (93%) showed ampli- %’ 2 g &3 R
cons of the expected size. Of those, vertebrate = i b=t J g GB
hosts were identified in 33 individuals (58%) (Ta- g =& — = |28
ble 1). Blood meals were most commonly identi- 2 é = é; @
fied from hosts fed on by Coquillettidia pertur- 2 £e3
bans Walker, a particularly opportunistic feeder g " g
(Molaei et al. 2008). Coquillettidia perturbans & £ VE E E by
blood meals represented 5 mammalian species = IS g 5;%
(horse, armadillo, deer, rabbit, and raccoon) and 1 E <2 & é g mm
avian species (owl). Blood meals were identified = i & 3 E
from 6 horses and 4 cows in the 10 Mansonia tit-  § 2 Be o . 88 E
illans Walker, from 2 horses and 1 cow in 3 Aedes S < |8 % E e E4Z
vexans Meigen, from 1 cow and 1 deer in 2 Culex A s |2 % ?, nw, | ZEED
salinarius Coquillett, and from 1 rabbit in Culex 8 E E 5 2 E 5 % S088
erraticus Dyer & Knab, while all 3 Anopheles cru- E 2  RREREE | 24 g 8
cians Wiedemann fed upon horses. The identity of A < g Z —é g
the blood meal match with GenBank sequences g ggﬂgg =
ranged from 89-100%, and the best match was =3 ‘EE o‘ig
shown in Table 1. 8 2 w ° Ei =
DISCUSSION > 2| eSES55 | Es =3
. . o E|EITESE|85ds
Of the 6 species of blood-fed mosquitoes cap- & Sl S5858%|° I
tured in the study, 4 species fed from horses, E < 3 §: S& & § "'% o g
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which are particularly susceptible to diseases
caused by encephalitis viruses. Preferential feed-
ing on horses by Ae. vexans is a major concern, as
Ae. vexans is considered a competent to highly-ef-
ficient vector for Saint Louis encephalitis (SLE),
western equine encephalomyelitis (WEE), east-
ern equine encephalomyelitis (EEE), and WNV
(Goddard et al. 2002; Turell et al. 2005).

Coquillettidia perturbans is considered a mod-
erately competent vector of EEE (Vaidyanathan
et al. 1997) and an inefficient but competent vec-
tor for WNV (Sardelis et al. 2001) in lab settings.
EEE and WNV have been isolated from mosqui-
toes in nature throughout the Eastern and South-
eastern United States (Srihongse et al. 1980;
Crans & Schulze 1986; Edman et al. 1993; Godsey
et al. 2005; Lukacik et al. 2006). Anopheles cru-
cians and Ma. titillans showed a considerable af-
finity for horse hosts in a previous study by Cupp
et al. (1986) as well, and have been positive for
WNYV isolations in the field (CDC 2007; Cupp et
al. 2007). The paucity of research on An. crucians
and Ma. titillans vectoral capacities for encepha-
litis viruses indicates that neither have histori-
cally been considered important disease vectors.
However, considering their pervasiveness and
their preference for mammalian blood meals in
our study, as well as their moderate competence
as viral vectors (Molaei et al. 2008), the potential
for Cq. perturbans and Ma. titillans to be bridge
vectors in the transfer of EEE and WNV from
viremic primary hosts to mammals should still be
considered.

CO,-baited light traps, used in a series of stud-
ies conducted on the mosquitoes captured, are not
considered particularly attractive to engorged
mosquitoes, thus explaining the low percentage
(61 0f 45,692, or > 0.002%) of blood-fed mosquitoes
captured. Future studies in mosquito blood meal
analysis will supplement CO,-baited light traps
with mosquito resting boxes.

Of particular interest is the low yield of posi-
tive blood meal identifications in An. crucians (3
positive identifications in 12 blood meals). Town-
zen et al. (2008) had similar complications, re-
porting that co-amplification of Anopheles genes
occurred often with cyt b primer sets, which con-
sequently prevented positive host identification.
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