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Abstract 

 

Heartworm, Dirofilaria immitis, is a parasite that infects dogs (Thanchomnang et al., 

2010), coyotes (Sacks et al., 2002), cats (Liu et al., 2005), and humans (Oleaga et al., 

2009).  D. immitus is transmitted from dog to dog through numerous mosquito vectors. 

Studies in Minnesota demonstrated the likelihood of Ae. vexans being the chief vector 

based on its frequent feeding habits and anatomy that are conducive for larvae growth 

(Bemrick & Sandholm, 1966). Therefore due to climate and geographical similarities, the 

most likely vector is Ae. vexans in Montana. Due to the climate dependent growth of D. 

immitis (American Heartworm Society 2007), mosquitoes from the summers of 2007 and 

2005 were sampled (http://www.ncdc.noaa.gov/climate-monitoring/, accessed on 

2/16/2011).  These mosquitoes were examined using a SYBR-Green real time PCR assay 

since the SYBR-Green flourophore requires less specialization of the real time machine 

and allows for broader use of the method. The results from the real time PCR assay were 

compared with other factors that contribute to prevalence in the reservoir, such as: host 

population dynamics, transmission mechanism, environmental influences, and 

agricultural practices (Lloyd-Smith et al., 2009; Vezzani & Carbajo, 2006). The Vezzani 

& Carbajo (2006) factors were applied to Montana in predicting the risk zones. The 

development of the DNA extraction and SYBR-Green PCR protocol was successful and 

the results of the mosquito samples show that D. immitis is nonexistent or at least 

extremely rare within the mosquito populations in the Montana counties sampled.  The 

risk assessment map strengthened the negative results from the real time PCR detection 

assay.  
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1. Introduction 

Heartworm, Dirofilaria immitis, is a parasite that infects dogs (Thanchomnang et 

al., 2010), coyotes (Sacks et al., 2002), cats (Liu et al., 2005), and humans (Oleaga et al., 

2009).  D. immitus is transmitted from dog to dog through numerous mosquito vectors. 

Aedes polynesiensis (Nicolas & Scoles, 1997), A. albopictus (Cancrini et al., 2003), A. 

taeniorhynchus (Labarthe & Guerrero, 2005), and A. vexans (Bemrick & Sandholm , 1966) 

are the most common vectors. The infection chiefly resides in the pulmonary artery and 

right ventricle (Jascó et al., 2009), but it can spread to the brain, spinal cord, liver, epidural 

space, anterior chamber of the eye, vitreous, and peritoneal cavity (Oh et al., 2008).  The 

clinical manifestations of this infection are malaise, loss of weight, haematemesis, jaundice, 

and even death (Jascó et al., 2009). 

In recent years the disease has expanded into a number of regions across the 

globe.  The parasite is present in Italy (Cancrini et al., 2003), Hungary (Jascó et al,. 

2009), French Polynesia (Plichart et al., 2006), throughout South America (Labarthe & 

Guerrero, 2005), the Republic of Korea (Oh et al., 2008) and North America (Bemrick & 

Sandholm , 1966).  In their latest report, the American Heartworm Society (2007) states 

that “heartworm is at least regionally endemic in each of the contiguous 48 states”.   

However, the infection occurs most frequently in the Southeast with 3.9% of dogs testing 

positive for the antigen to D. immitis while the dogs in Montana register 0.6% positive 

for the antigen (Bowman et al., 2009). 

Methods to detect D. immitis vary from dissection of hosts (Jascó et al., 2009), 

dissection of the mosquito (Plichart et al., 2006), conventional PCR (C-PCR) 

amplification of D. immitis DNA in host blood (Liu 2005; Jacsó et al,. 2009), C-PCR 
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amplification of D. immitis DNA in the mosquito vector (Plichart et al., 2006; Rishniw et 

al., 2006), and an enzyme-linked immunosorbent assay for D. immitis DNA using host 

blood (Liu 2005; Oh et al., 2008; Sacks et al., 2002).  In determining the presence of D. 

immitis geographically, examination of host blood is not the most reliable method 

because it could be argued that the dog was infected outside of a state or county and then 

brought the disease into a given region.  The best approach for determining the regional 

distribution of D. immitis is measuring its presence in the mosquito vectors at known 

locations. The presence of D. immitis in mosquitoes would strongly suggest the disease 

could be endemic to the area. Therefore, the examination of the mosquito vector is vital 

for prevention programs. 

PCR amplification of D. immitis in the mosquito vector has become the best test 

for identification of the parasite (Nicolas et al., 1997).  The dissection techniques are both 

time and labor intensive (Scoles et al., 1995). Yet, the emergence of real time PCR 

technology creates the possibility for another detection method.  Studies using 

Wuchereria bancrofti have resulted in better accuracy using real time PCR instead of 

conventional PCR (C-PCR) (Rao et al., 2006).  Recently, a real time fluorescence 

resonance energy transfer PCR for D. immitis has been developed (Thanchomnang et al., 

2010). This method requires more specialization of the real time PCR machine. It utilizes 

filters, different wavelengths of light, and its setup is not easily switched for the use of 

other probes like Taqman (Bio-Rad Bulletin 5279). I examined D. immitis using a SYBR-

Green real time PCR assay. The SYBR-Green flourophore requires less specialization of 

the real time machine and allows for broader use of the method. My study attempts to 
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simplify the approaches for both the extraction of D. immitis DNA and the detection of 

the parasite. 

The results from the real time PCR assay can be complemented with a landscape 

analysis of mosquito vector distribution.  There are many factors that can contribute to 

prevalence of the mosquito vector such as: host population dynamics, transmission 

mechanism, environmental influences, and agricultural practices (Lloyd-Smith et al., 

2009; Vezzani & Carbajo, 2006). Spatial epidemiology and geographic information 

systems (GIS) can be utilized to create a risk map based on the vector distribution 

(Ostfeld et al., 2005).  A risk assessment map for D. immitis in Argentina has been 

developed (Vezzani & Carbajo, 2006) which is effective at predicting the threat of 

directly transmitted zoonoses (Ostfeld et al., 2005).  I will use the Vezzani & Carbajo 

(2006) methods to predict infection risk zones in Montana. 

Veterinarians in Montana are debating whether or not D. immitis is present in the 

state’s mosquito vector as the search for the disease continues to expand in Montana and 

the surrounding states.  The recommendations for prevention of D. immitis vary from 

vaccination in eastern Montana and the Yellowstone River area to just an annual 

screening in the rest of the state (Helena Veterinary Services, 8-26-2010).  The 

vaccination is low-cost and harmless to the dog while the treatment of an infection is 

long, costly, and taxing on the dog (http://www.heartwormsociety.org/pet-owner-

resources/heartworm.html, 9/14/2010).  

Studies in Minnesota demonstrated the likelihood of Ae. vexans being the chief 

vector based on its frequent feeding habits and anatomy that are conducive for larvae 

growth (Bemrick & Sandholm, 1966). Therefore due to climate and geographical 
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similarities, the most likely vector is Ae. vexans in Montana.  However other mosquito 

species endemic to Montana have been identified as vectors including An. earlei, An. 

freeborni, An. punctipennis (Licitra et al., 2010), Oc. increpitus, and Oc. trivittatus, and 

were considered possible vectors.  Due to the climate dependent growth of D. immitis 

(American Heartworm Society 2007), I used mosquito samples from the warm summers 

of 2007 and 2005 (http://www.ncdc.noaa.gov/climate-monitoring/, accessed on 

2/16/2011). I hypothesized that a thorough survey of the mosquito vectors may confirm 

the presence or absence of D. immitis in Montana. My study may provide the proper 

evidence to unify veterinary policy in Montana.  

2. Materials and Methods 

2.1 Aedes vexans infected with D. immitis 

A. vexans infected with D. immitis were acquired from the Filariasis 

Research Reagent Resource Center of the Department of Infectious 

Disease at the College of Veterinary Medicine at the University of 

Georgia. The sensitivity test used 1000 L3 larvae grown from this 

laboratory. 

2.2 Mosquito Sampling 

Mosquitoes were collected at 27 sites in 14 counties in Montana via 

CDC light traps with dry ice as the source of CO2. The collections 

were performed usually on a weekly basis from July to September 

during the summers of 2007-2010 by trained undergraduates, 

volunteers, county and state extension agents.  The traps were set up at 

dusk and retrieved between 8-10 a.m. The collected mosquitoes were 
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frozen at -20ºC for 48 hours.  Following the freezing, the mosquitoes 

were sorted and the heads of the Ae. vexans, An. earlei, An. freeborni, 

An. punctipennis, Oc. increpitus, and Oc. trivittatus were removed. 

Based on location and date, 351 pools were created; most pools were 

comprised of 200 heads. 

2.3 DNA Extraction 

The DNA extraction utilized the Qiagen DNAeasy Tissue Kit (Qiagen, 

Hilden, Germany; Cat. No. 69504) with minor modifications for 

mosquito tissues, as described by Plichart et al. (2006).  The mosquito 

heads were homogenized in 180 μL PBS (Plichart et al, 2006) using 

MP Bio Lysing Matrix A in the Fast Prep-24(MP Bio, Solon, Ohio) 

for 30 seconds at 6.0, twice. Plichart’s changes for mosquito tissues 

were as follows.  The insertion of lysis buffer (AL, 200 μL) was 

followed by two incubation steps with Proteinase K.  The first 

incubation consisted of 10 minutes at 70˚C with Proteinase K (20 μL) 

while the second incubation lasted for 1 hour at 56˚ C with an 

additional 20 μL of Proteinase K. Following a 5 minute centrifugation 

at 15,800 g, the supernatant was transferred to a new tube for the 

removal of debris. Aqueous ethanol (98%, 200 μL) was added prior to 

the sample (including any precipitate) and applied to a rotating silica 

column for DNA binding. The column was washed twice with 500 μL 

buffer AW1 and once with 500 μL buffer AW2 and then slowly 

desiccated by two 3 minute intervals of centrifugation at 15,800 g. 
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Finally, DNA was eluted in two aliquots of 60 µl of elution buffer 

(AE, 120 μL). The purified DNA sample obtained was preserved at -

20˚C. 

2.4 Conventional PCR 

The primers utilized for PCR were: 5’-GCA TCT TAG AAC TTG 

GTC CAT CC-3’ (forward) and 5’-CAA AGG CGT ATT TAC CGC 

CAC-3’ (reverse) which target a 440 base pair sequence of the 16S 

gene (Liu et al., 2005).  The PCR solution contained 25 μL of GoTaq 

Colorless MasterMix x2 (Promega, USA), 16 μL nuclease-free water, 

and 2 μL of each primer.  The PCR started with a denaturing step at 

94˚C for two minutes and 32 rounds of denaturing (30 seconds at 

94˚C), annealing (30 seconds at 60˚C) and extension (30 seconds at 

72˚C); it was concluded with a long extension period (7 minutes at 

72˚C) and a hold at 4˚C in a Mycycler thermal cycler (Rishniw et al., 

2006).  The C-PCR product (4 μL) was examined on a 1.5% agarose 

gel (Rishniw et al., 2006) with a 100 base pair DNA ladder. 

2.5 SYBR-Green real time PCR and Melt Curve 

The primers utilized for real time PCR were: 5’-AGT GTA GAG GGT 

CAG CCT GAG TTA-3’ (forward) and 5’- ACA GGC ACT GAC 

AAT ACC AAT-3’ (reverse) which target a 203 base pair sequence of 

the COI gene (Rishniw et al., 2006).  The real time PCR reaction 

mixture contained 25 μL of iQ SYBR-Green Supermix (Biorad, 

Hercules, CA), 16 μL of nuclease-free water, and 2 μL of each primer.  
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The iQ5 multicolor Real-Time PCR DetectionSystem (Biorad, 

Hercules, CA) started with a denaturing step at 95˚C for ten minutes 

and 40 rounds of denaturing (15 seconds at 95˚C) and annealing and 

elongation (one minute at 58˚C).  The melt curve consisted of 75 

repeats of 30 seconds ramping up from 58˚C to 95.5 C.   

2.6 Sample Testing 

The 351 mosquito pools were tested using the real time PCR protocol.  

From the larger 351 mosquito pools, 40 (11%) were randomly chosen 

to be retested using the standard PCR method. 

2.7 PCR and real time PCR Sensitivity 

The L3 larvae (1000) were DNA extracted and underwent a 1:10 serial 

dilution to 1:10,000.  Each dilution was run using a conventional PCR 

protocol and real time PCR protocol.  The genomic DNA was 

quantified using the SmartSpec Plus Spectrophotometer (Biorad, 

Hercules, CA). 

2.8 Steps in creating the HDU model 

2.8.1.      Daily temperature maximum/minimum files were 

downloaded for June, July, August and September for years 1999-

2009 from the PRISM Climate Group (http://prism.oregonstate.edu/, 

accessed 2-19-11). Data were created between February 13, 2004 and 

November 11, 2009 at a resolution of approximately 2 km. 
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2.8.2.      Data were initially projected using the original spatial 

reference, World Geodetic Spheroid 1972 (WGS72), and geographic 

information system (GIS) software ARCVIEW 9.3. 

2.8.3.      Using the Raster Calculator function in the Spatial Analyst 

toolbox, average daily temperatures in 
o
C for the summer were 

calculated by averaging the daily maximum and minimum 

temperatures across June, July, August and September and dividing by 

100. The division by 100 was necessary because the original PRISM 

data are recorded in thousandths of degrees centigrade. 

2.8.4.      The resulting temperature data covered the continental U.S. 

Using a boundary map for Montana projected using WGS72, a spatial 

mask was created to clip the temperature data relevant to Montana. 

The Montana data were then re-projected using the Montana 

StatePlane NAD 1983 spatial reference. 

2.8.5.      Using 14 
o
C as the minimum threshold for microfilarial 

development, degree days specific to heartworm (referred to as 

Heartworm Development Units or HDUs) can be calculated by 

subtracting 14 
o
C from the average daily temperature (see Vezzani and 

Carbajo 2006 and Sacks et al 2004 in the attached files). With 122 

days between June 1 and September 31, the Raster Calculator was 

used to calculate the accumulated HDUs for the state of Montana as: 

HDUs = (ADT – 14) * 122, 

where ADT = average daily temperature. 
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3. Results 

 3.1 Development of SYBR-Green real time PCR protocol 

The successful extraction of D. immitis DNA was confirmed using C-

PCR.  Using this DNA, I was able to detect D. immitis DNA using the 

SYBR-Green real time PCR protocol. 

 3.2 Sample Testing 

All 351 samples from Montana were negative using the real time PCR 

test (Fig. 1-5).  All 40 samples that were retested in C-PCR were also 

negative. 
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Fig. 1. A county map of Montana showing the sampling for Ae. vexans from the summer 

of 2005 and 2007.  The red counties tested negative in both years, the yellow counties 

tested negative in 2005, the gold county tested negative in 2007 while the white counties 

were not tested. 
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Fig. 2. A county map of Montana showing the sampling for An. earlei and An. freeborni 

from the summer of 2005.  The red county tested negative for An. freeborni and the 

orange county tested negative for An. earlei while the white counties were not tested. 
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Fig. 3. A county map of Montana showing the sampling for Oc. increpitus from the 

summer of 2005 and 2007.  The red counties tested negative in both years, the yellow 

counties tested negative in 2005, the gold county tested negative in 2007 while the white 

counties were not tested. 
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Fig. 4. A county map of Montana showing the sampling for Oc. trivittatus. 

from the summer of 2005 and 2007.  The red counties tested negative in both years, the 

yellow counties tested negative in 2005, the gold county tested negative in 2007 while the 

white counties were not tested. 
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Fig. 5. A county map of Montana showing the sampling for An. earlei, An. freeborni, and 

An. punctipennis from the summer of 2007.  The red counties tested negative for all three 

species while the white counties were not tested. 
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3.3 Sensitivity Test 

 The real time PCR could detect D. immitis through the fourth (10
-4

) 

dilution (Fig. 6) while the C-PCR could not detect D. immitis at 1000 

larvae (Fig. 7).  This is at least a 1000 fold difference in detection.  

The genomic DNA in the fourth dilution was 0.4025 ng/ml. 
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Fig. 6. SYBR-Green PCR showing positive control (yellow line and green line), original 

sample (turquoise line and red line), dilution one (pink line and orange line), dilution two 

(magenta and peach), dilution three (two salmon lines), and dilution four (light blue line 

and navy blue line) with detection. 
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Fig. 7. C-PCR showing detected positive in lane 2 (positive control), no detection in 

lanes 2-7 with the 1000 L3 larvae and serial dilutions, and no detection in lane 8 

(negative control).  

 

 

 

 

 

 

Lane: 1 234 5 6 78 



23 

 

 

3.4 Risk Assessment Map 

The accumulated HDU data was combined with county boundaries for 

Montana to produce figure 8. 
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Fig. 8. Risk assessment map for D. immitis annual accumulated HDUs. Vezzani and 

Carbajo (2005) suggest a minimum of 130 HDUs for development of an infective stage. 
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4. Discussion 

I obtained my first objective to develop the DNA extraction and SYBR-

Green PCR protocol.  The DNA extraction is easy to replicate since it utilizes 

predominantly buffers from a kit.  The SYBR-Green PCR protocol was 

effective at identifying the presence of D. immitis.  The results of the 

sensitivity test indicate that SYBR-Green assay can detect the parasite in 

much lower numbers than C-PCR.  The time commitment for the real time 

PCR was four hours with 45 minutes being labor intensive while the time 

required for conventional PCR was five hours with 90 minutes being labor 

intensive.  Since real time SYBR Green PCR is less labor intensive, cost 

comparable, and has increased sensitivity, it should be utilized for detection of 

D. immitis.  

The results of the mosquito samples show that D. immitis is nonexistent or 

at least extremely rare within the mosquito populations of these sampled 

counties of Montana.  However, it may be present in any of the other 41 

counties not sampled. Furthermore, there is still the possibility that D. immitis 

is in the state, but it is unlikely that its numbers are high enough to cause 

infections.  This suggests the infections of D. immitis might not be 

autochthonous in Montana. However, based on D. immitis’ temperature 

dependent growth (American Heartworm Association 2007), Ae. vexans 

populations should be examined for infection  if Montana has a summer that 

exceeds the temperatures of 2007. 
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The risk assessment map augments the negative results in the real time 

PCR. While Vezzani and Carbajo (2005) suggest a minimum of 130 HDUs 

for development of an infective stage, Sacks et al (2004) found that the 

prevalence of heartworm in coyotes in California did not rise above 5% until 

the accumulation of 1500 HDUs.  Montana does contain regions that exceed 

732 HDUs like Big Horn county, Rosebud county, and Custer county .  

However, these regions are still under the 1500 HDU limit for the 5% 

prevalence.  Big Horn county was extensively sampled in 2007 (12 samples 

totaling 2,028 mosquitoes) and all tested negative. This map can be utilized in 

future studies as a more intensive sampling of the areas having the highest 

potential would improve the survey. 

As D. immitis continues to spread through the United States, it will be 

important to monitor the mosquito populations for current distributions.  The 

assay is easier to perform than manual dissection (Scoles et al., 1995), more 

specific than C-PCR, and uses more accessible equipment than real time 

FRET PCR (Bio-Rad Bulletin 5279).  Thus, this assay should not be restricted 

to testing in Montana but rather should be utilized across the globe.   
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